





Radiological 
Health 


Data and Reports 


VOLUME 9, NUMBER 12 


DECEMBER 1968 
(Pages 705-778) 





U.S. DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE 
Public Health Service 





INTERNATIONAL NUMERICAL MULTIPLE AND 
SUBMULTIPLE PREFIXES 





> pe 
an 
submultiples 


Symbols 


Pronunciations 











“OPE se OR ErZOn 








SYMBOLS, UNITS, AND EQUIVALENTS 





Symbol 


Unit 
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billion electron volts. -- 
curie 

centimeter(s) 

counts per minute 
disintegrations per minute 
disintegrations per second 
electron volt 

gram(s) 

giga electron volts 
kilogram(s) 

square kilometer(s) 
kilovolt peak 

cubic meter(s) 
milliampere(s) 

millicuries per square mile_ 
electron 


million (mega) 


square mile(s) 

milliliter (s) 

millimeter(s) 

nanocuries per square meter. 

picocurie(s) 

roentgen 

unit of absorbed radiation 
dose 





GeV 
3.7 10" dps 
0.394 inch 


1.6 10~-" ergs 


1.6 10-* ergs 
1,000 g = 2.205 Ib 


0.386 nCi/m?* 
(mCi/km?) 


1.6X10-* ergs 


2.59 mCi/mi?* 
10-2 curie = 2.22 dpm 


100 ergs/g 
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Reports 


Cesium—137 Concentrations in Alaskans During the Spring of 1967 


Henry J. L. Rechen, Richard L. Mikkelsen, O. Glen Briscoe, and John F. Steiner, Jr. 


During April and May 1967, cesium-137 concentrations were meas- 
ured by the National Center for Radiological Health, Public Health 
Service, in 1,334 residents of 13 Alaskan villages and cities where caribou 
and reindeer are major sources of meat. Unshielded 7.5 x 7.5 cm Nal 
(Tl) scintillation detectors, held in the lap, were used for subjects of 
both sexes, from 4 to 91 years old, weighing 16 to 100 kilograms. The 
maximum cesium-137 concentrations ranged from 16.58 to 20.76 nCi/kg 
for males and from 12.92 to 18.21 nCi/kg for females. 

Cesium-137 concentrations were highest in Ambler, Selawik, Noorvik, 
Shungnak and Anaktuvuk Pass, intermediate in Shishmaref, Noatak, 
Mekoryuk, Egegik and Teller, and lowest in three coastal cities where 
whaling is done (Wainwright, Point Hope and Barrow). 

The Bureau of Indian Affairs (BIA) school lunch program, where used, 
did not appear to reduce significantly the cesium-137 concentrations in 
children. Average concentrations in men who were measured both years 
at Anaktuvuk Pass dropped 37.5 percent from 1966 to 1967; Selawik 
males showed a 15.7 percent decrease, while cesium-137 concentrations in 
adult male residents of Egegik increased 2 percent. 

The “radiation dose index” defined in this report, for the highest 
individual value measured in 1967 was 0.17 rad/annum. The individual 
was an 82 kg man whose cesium-137 concentration was 21 nCi/kg. The 
guidance published by the Federal Radiation Council suggests that, while 
surveillance should be continued, no protective action appears to be 
necessary at this time. 


Concentrations of radioactive cesium are 
regularly found in Alaskans whose major 
sources of foods include caribou and reindeer. 
The use of these animals for food is not confined 
to the Eskimo and Indian native populations. 
Because of the economy, availability of indige- 
nous foods and diet preferences of the individ- 
uals, the highest reported rates of consumption 
occur in the inland native villages that have 


1 Mr. Rechen is deputy chief; Mr. Briscoe was elec- 
tronics supervisor, Electronic Products Radiation 
Laboratory, National Center for Radiological Health; 
Mr. Steiner is with the Control Data Corporation, 
Washington Military Systems Division, Bethesda, Md. 
At the time of this study, they were with the Environ- 
mental Surveillance and Control Program, NCRH, 
under whose auspices these studies are made. Mr. 
Mikkelsen was a radiation physicist, Department of 
— and Welfare, State of Alaska, Anchorage, 

aska. 
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few other abundantly available foods for con- 
siderable periods of each year. 

The National Center for Radiological Health 
(NCRH), Public Health Service (PHS) has 
periodically measured radioactive cesium in 
Alaskans to define the sizes and locations of the 
populations having significantly higher radia- 
tion doses to establish, if possible, year-to-year 
trends in the dose indices, and to provide a tech- 
nical basis for calculating population dose in- 
dices for radioactive cesium for comparison 
with recommended radiation protection guides 
published by the Federal Radiation Council (1). 

Studies of the radionuclide concentrations in 
arctic ecosystems in Alaska were begun in 1959 
as a part of the Project Chariot Environmental 
Program (2). During the summer of 1962, a 
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transportable whole-body counter (3) was used 
to examine 703 Eskimos and 78 non-native 
residents at Barrow, Point Hope, Kotzebue and 
Anaktuvuk Pass (4). Cesium-—137 was the most 
important fallout radionuclide detected in the 
subjects examined. Similar reports have been 
published of measurements made in Canada, 
Norway, Sweden, Finland, and the Union of 
Soviet Socialist Republics (5-9). 

In 1962, Palmer and Perkins found cesium- 
134 in Alaskan Eskimos and in fallout (10). 
A similar finding for Swedish Lapps had been 
made by Liden and Andersson in March 1961 
(11). The presence of detectable concentrations 
of cesium-—134 in humans can be significant, 
particularly during times of reduced testing of 
nuclear devices in the atmosphere because it 
might indicate contamination of the human diet 
with recently-formed fallout. Cesium-134 has 
a physical half-life of 2.05 years as compared 
to the 30.76 year half-life of cesium—137. 


After 1964, investigations have centered 
largely about three Alaskan native villages, 
Ambler, Anaktuvuk Pass, and Arctic Village 
(figure 1). Hanson had chosen the three inland 
villages for detailed study (4). 

In the spring of 1965, whole-body measure- 
ments of 180 adult male patients and staff at 
6 PHS Indian Health Hospitals in Alaska were 
made with an unshielded counter (12). Similar 
measurements were again made in the spring 
of 1966 at 7 Indian Health Hospitals, 2 other 
hospitals, and at three villages: Egegik, Anak- 
tuvuk Pass, and Selawik (13). In all, 418 adult 
male subjects were measured, some of whom 
were local residents and not patients or staff 
at hospitals. Forty-nine men were counted both 
in 1965 and 1966, and there was reported to be 
an average decrease of 50 percent in whole- 
body cesium-137 content. 

Cesium-137 body burdens in adults at Anak- 
tuvuk Pass appear to have decreased since 
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Figure 1. Alaska locations for whole body counting, April-May 1967 
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1964 (14), as have those of the higher coastal 
villages. Few data are available for the inland 
villages after 1964 (15), except for Hanson’s 
reports on Ambler, Anaktuvuk Pass and Arctic 
Village. In 1966, the maximum values were 
found in residents of Selawik (13,16). Because 
of the small numbers of individuals measured 
at any single place of residence, meaningful 
statistical conclusions have been difficult to 
make. 

As a consequence the 1967 investigation by 
the NCRH was enlarged considerably in scope 
over those of 1965 and 1966. Counting locations 
were selected on the basis of community sur- 
vey data furnished by the Alaska Department 
of Health and Welfare and by the Division of 
Indian Health, PHS, and included several 
villages in which large numbers of people ate 
appreciable quantities of caribou and reindeer. 
The object was to count as many people as 
possible at each location to establish a large 
statistical base for intervillage and _ time- 


sequential comparisons. 

Measurements were made during mid-April 
to mid-May, at which time most of the village 
residents were still at home and had not yet 


departed for summer fishing or work areas. 
Many were about to make the transition from 
winter diets high in radiocesium (caribou and 
reindeer) to spring and summer diets (more 
abundant in fish, whales, and processed food) 
lower in radiocesium. 

Plans were made to count subjects of both 
sexes and of all ages weighing over 15 kilo- 
grams who were capable of holding a detector 
and sitting quietly for 10 minutes. 


Counting procedures 


The technique of Palmer (17) was used with 
two detectors so that two subjects could be 
counted simultaneously. Both subjects, sepa- 
rated by about 4 meters, were comfortably 
seated, forearms on thighs, bent over unshielded 
7.5 x 7.5 em Nal(Tl) crystal and phototube 
detectors held on their laps with holders de- 
signed to keep the thighs together. Ten-minute 
counts were: taken using 200 channels for each 
spectrum at 10 keV per channel in a multi- 
channel pulse-height analyzer. Punched paper 
tapes of each spectrum were made. Duplicate 
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tapes were mailed to the laboratory at NCRH 
for computer analysis. 

Field estimates of cesium-—137 content (nCi) 
were made for each pair of subjects immedi- 
ately after counting and the results were given 
to the subjects at their request. The full spectra 
were examined and the subject recounted if 
the spectra appeared abnormal. Anomalies 
might easily result from power supply varia- 
tions, gamma radiation from radium-painted 
watches, compasses and jewelry or from dam- 
age to the detectors. Occasional unshielded 
backgrounds without subjects were taken as 
were operational backgrounds using team mem- 
bers as phantoms. The cesium—137 content of 
two of the team members, 3 and 7 nCi, had pre- 
viously been measured in the whole-body coun- 
ter at the U.S. Naval Medical Center in Be- 
thesda, Md. The average of the backgrounds for 
the two team members in each location was sub- 
tracted from the gross counts of the other sub- 
jects and 5 nCi were added to the sub- 
jects’ values to correct for the subtractive step. 
Tests at NCRH with different weight human 
subjects had shown that the amount of back- 
ground to be subtracted from each count was 
essentially constant and was, within statistical 
limits, independent of the sex and weight of the 
subject. The background that was subtracted 
included the contribution of potassium—40, both 
from the subject’s body and from his surround- 
ings, to the cesium-137 spectral region. 

In scintillation counting, cesium—137 has its 
useful gamma photopeak at 0.662 MeV (18). 
The cesium-—137 content (nCi/kg) of the sub- 
ject was obtained by: 

(1) adding the spectral areas, in counts, be- 

lieved to represent 0.59 to 0.73 MeV; 


(2) subtracting background; 


(3) dividing by the counting time to give net 
counts per minute (CPM); 


(4) multiplying CPM by the counter cali- 
bration factor (nCi/CPM); 


(5) adding 5 nCi, to correct for the subtrac- 
tion of the unavoidable cesium—137 
content of the human “background 
phantom” ; 
dividing the body content (nCi) by the 
subject’s weight (kg). 





Table 1. Physical characteristics of calibration phantoms, 1967 





Type Dimensions 


Radioactivity content 


Detector calibration factors for cesium-137 





Cesium-137 
Composition | Weight | Height | (Wt.) 


K-natural 


Crystal No. 1 Crystal No. 2 Average of 1 and 2 





(meters) 
ce ete) (act (nCi/ 
€. 


(Genz) |(cecrme) |( conc) |(secoem) |(Gexe) | (cece) 





0.00 
157.50 
314.06 

-00 
156.5 
1,939 


-00 
180.4 
2,215 
° ‘ 0 -00 
12 ‘ . : 204.2 
18 ‘ . ° 2,408 


ao 
HOCDAIANR ONE 


























0.0853 0.00495 | 0.0921 0.00523 |0.08776 0.00509 
-1877 -00408 . 1433 -00425 | .1405 -00417 


- 2398 -00377 -2310 -00363 | .2354 -00370 
-2292 -00360 - 2385 .00375 | .2339 .00368 


. 2606 -00358 -2527 -00347 | .2567 -00353 
. 2363 .00323 .2223 -00305 | .2339 -00315 


. 2696 .00330 - 2428 -00297 | .2562 -00314 
- 2465 -00301 -2557 -00312 | .2511 -00307 























During computer analysis, a search was made 
for the highest 3-channel sum over a range of 
4 channels, to find the cesium-137 gamma-ray 
peak in the spectrum and to locate the 15 chan- 
nel portion of the spectrum to be summed. 
One out of each 10 spectra was plotted and 
examined for evidence of cesium-—134 at 0.80 
MeV (19). All results reported are derived 
from the computer analysis although field 
estimates were usually within 10 percent. 
Potassium—40 cannot be measured by this tech- 
nique because the subject’s body substitutes 
approximately as many gamma-ray counts in 
the potassium spectral region (20) as it re- 
moves from background by shielding. 

No data are available to allow assignment of 
statements of overall statistical accuracy to the 
values reported for the cesium—137 determina- 
tions except for counting statistics because 
cross-calibration has not been done with human 
subjects having accurately known cesium con- 
tents in the ranges studied. 


Calibration 

The detectors were calibrated at the NCRH 
laboratory with thirteen water or sugar phan- 
toms of five different weights, each arranged 
in the field counting position. Five of the phan- 
toms did not contain cesium-137 and were 
used to measure background, duplicating in 
form those that contained cesium-137. 

The water phantoms were contained in one 
liter or fractional liter thin-plastic bottles, 
cubical and cylindrical in shape. Measured 
amounts of potassium chloride (KCl), stable 
cesium chloride (CsCl), and radioactive CsCl 
from an Amersham standard were dissolved 
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in deionized, distilled water. The accuracy and 
spectral purity of the cesium-137 and potas- 
sium—40 contents were checked by measure- 
ments of aliquots with a large shielded Nal 
scintillation counter and a 200-channel pulse 
height analyzer. The cesium-—137 standard, in 
comparison with previous laboratory calibra- 
tions was within 5 percent of the expected 
value. 

The sugar phantoms were assembled from 
2-pound paper bags of commercial granulated 
sugar, having identical cesium-137 sources 
taped to each bag. Measurements were made 
with the source side of each bag facing toward 
and away from the detectors and the results 
were averaged. 

A smooth function was fitted to the average 
calibration factors listed in table 1, and was 
found to be: 


Ci _o 012 (Ww) 


CPM 1967 (1) 


nCi _ 0.012 
kg-CPM ~(W)°3 





1967 (2) 


where nCi=total cesium-137 in phantom, 
nanocuries ; 


nCi_ concentration of cesium-137 in phan- 
kg _—ctom, nCi/kg; 


CPM=sum of net counts per minute in 
channels corresponding to gamma 
energy from 0.59 through 0.73 
MeV; 


W =weight of phantom, in kilograms. 
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Equations (1) and (2) were used to calculate 
the cesium-137 body contents and concentra- 
tions of all Alaskans counted during April and 
May 1967. 

The data obtained in April and May 1966 
(the basis for reference 13) were recalculated 
using a similar function for the slightly less 
sensitive detector that was used. Equations 
(3) and (4) were derived for recalculation of 
the 1966 data: 


nCi 


CPM ~ 0.0134 (W)°’ 


1966 (3) 


nCi_ _ 0.0134 
kg-CPM (W)°* 


The use of similar equations is possible be- 
cause the detector used in 1966 was physi- 
cally the same as those used in 1967 except 
for a slight difference in housing and in 
resolution. 

The average for the two 1967 detectors was 
used in developing equations (1) and (2). 

Of the 1,334 subjects whose cesium-—137 con- 
centrations were measured, only 55 had net 
counting rates (CPM) in the 95-percent con- 
fidence interval, that were measured with a 
precision less than + 10 percent because of 
random counting statistics. Of the 55 cases, 
38 had a precision of estimate between + 10 
and + 30 percent, 10 between + 30 and + 100 
percent, and 7 were indistinguishable from 
zero (21). 

Because counting statistics were not a major 
factor in the precision of the averaged results, 
they were not included in subsequent tabula- 
tions. 





1966 (4) 


Interviews 


Each subject was interviewed just before 
counting, and height (+ 1 cm) and weight 
(+ 1 kg) were measured. 

Diet pattern interviews were made but did 
not give data sufficient to place any absolute 
value on the subject’s cesium content, even 


within wide ranges. The results of the diet 
statements are not analyzed in this report. 
Approximate village census data, provided 
by the BIA school or the village councils, were 
used to estimate the degree to which we were 
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able to sample each population group. Partici- 
pation was entirely voluntary. 


Classification of data 


For purposes of averaging individual results, 
the resident population counted in each village 
was divided into six groups by sex and weight. 
Weight groups were: 16—45 kg, 46-65 kg and 
>65 kg. 

Weight groups, rather than age groups, were 
chosen because the formula used for calculating 
average radiation dose requires that average 
body weight but not age, be known. Age be- 
comes a factor when genetically significant 
dose estimates are attempted. The latter cal- 
culations require detailed knowledge of fertility 
and of the sizes of the population groups inter- 
acting to form genetic “pools”. The present 
study was designed to collect preliminary in- 
formation that might be used to judge the need 
for more detailed studies and their scope. A 
second reason for using weight groups was to 
obtain a smooth distribution of data for inter- 
village comparisons. In many of the villages, 
key age groups are missing because of attend- 
ance at high school, mortality during epidemics, 
and other factors such as emigration or per- 
haps unusual birth ratios of the sexes. 

With the two exceptions (reporting by 
weight group rather than by age, and not 
being able to measure potassium concentra- 
tions), Miettinen’s criteria for reporting inter- 
comparable data are met (22). 


Results of counting 


Figure 1 shows the 13 locations at which 
whole body counting for radiocesium was per- 
formed on 698 male and 636 female subjects 
from mid-April to mid-May 1967. Except for 
only two persons, the counting locations were 
also the residences of all of the subjects. The 
estimated total population of the 13 villages 
and cities was 2,633 male and 2,395 female. 
Barrow, where only 47 persons were counted, 
was estimated to have 1,800 residents. 

Table 2 contains the average and maximum 
concentrations of cesium—137 measured in 1967. 
No spectrum examined showed evidence of 
cesium-134. Table 3 contains the similar data 
obtained by Fitzpatrick in April-May 1966, 
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Table 2. Average and maximum concentrations of cesium-137 in Alaskans by place 
of residence, 1967 





Location and 
ate 
(1967) 


Ambler 
4/22-23 


Anaktuvuk Pass 
6/3 


Barrow 


/ 


Egegik 
5/14-15 


Mekoryuk, 
Nunivak Island 
5/16-17 


Noatak 


4/18-19 


Noorvik 
4/20-21 


Point Hope 
5/8-9 


Selawik 
4/25-26 


Shishmaref 
4/28-29 


Shungnak 
4/23-24 


Teller 
4/30-5/1 


Wainwright 
6/5-7 


Sex and 
approximate 
population * 


Male 
69 
Female 
72 

Male 
65 
Female 
50 

Male 


900 


Female 
900 


Male 
91 


Female 
87 





Male 
171 


Female 
133 

Male 
105 


| Female 
86 


Male 
252 


| Female 
214 


Male 
190 


Female 
162 
Male 
229 
Female 
216 
Male 
132 
Female 
125 
Male 
93 
Female 
82 


Male 
166 





Female 
125 


| Male 





Total 
4/18-5/17 











Weight 
range 
(kg) 


Number 
counted 














Average 
height > 
(em) 








Average 
weight > 
(kg) 








Average 


Cesium-137 concentrations 


Average 


Pan Dnwesronowon 


PARMCHSUNOCH ATS HNHNHNS SNS NW ONS 


as 


| pm pt pt 9 GD Pet at mt GD CO Dm CD DED OD C2 69 CO CO dm mm OO -3 00-31 + OO 





Maximum 


(nCi/kg) | (nCi/kg) 


Ratio: 
maximum 
to average 








DEAMODNCOHAIDHR AOD Ie-2 + 


woe 
com 


aos Ck i el el eel oh ol mee 
DSP AMCOALKADACGANOCAIWGOCHAAKOCANDANAOCAH Ree Ne Oo 











* Taken from approximate winter census prepared by B.I.A. school or village council. . 
>In 1967, heights and weights were measured. In 1966, the individuals were asked their approximate height and weight. 
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Table 3. Average and maximum concentrations of cesium-137 in Alaskan males by 
place of residence, 1966 





Cesium-137 concentrations 
Number Average Average 
counted i weight * 
(kg) Average Maximum 
(nCi/kg) (nCi/kg) 








0. 


9. 
10 


— a 
SeSannnBSSacmm 


- t 
AQxrenwo 


en 
worn 


ed de 1 


8 


— 


Kwigillingok 
= we we er leche 


2 
1 
1 
1 
1 
1 
5 
5 
1 
1 
1 
2 
2 
1 
1 
1 
1 
1 
1 
1 





85-BE 


ale 





~ 
- 
ee et et et et ae 


wo 





























* In 1966, the individuals were asked their approximate heights and weights. 


recalculated as explained. All except 2 lived at Anaktuvuk Pass, Egegik, 

Table 4 is a comparison of 1967 with 1966 or Selawik. The difficulty of obtaining the same 
values for the 8 villages having residents subjects, year after year is demonstrated by 
counted both years. Table 5 is a comparison _ the fact that in 1967, 25 men left Selawik for 
of 1967 with 1966 values for the 38 men, resid- employment at a coastal cannery just a few 
ing at 5 villages, who were counted both years. days before the. counting team arrived. 
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in Alaskan males by place of residence 


Table 4. Comparison of 1967 to 1966 average and maximum cesium-137 concentrations 





Residence 





AnaktuvukfPass 


Barrow 


Noorvik 
Point Hope 
Selawik 


Number 
counted 
and year 


Average 
height * 
(em) 


Average 
weight * 
(kg) 


Average 


Cesium-137 concentrations 


Ratio of 1967 to 1966 





Average 
(nCi/kg) 


Maximum 
(nCi/kg) 


Average 


Maximum 








3—1966 


45—1967 


Sanne arKm NABOwBLO 


~—— 
ae 








34— 1966 
91—1967 
88— 1966 
115—1967 





























«In 1967, the heights and weights were measured. In 1966, the individuals were asked their approximate height and weight. 


The comparisons of values given in tables 3, 
4 and 5 are most meaningful for the three 
villages of Anaktuvuk Pass, Egegik and Sela- 
wik. Many of the 1966 subjects who were resi- 
dents of other villages were hospital patients 


5. Comparison of 1967 to 1966 average and maximum cesium-137 concentrations in 
Alaskan men who were counted in both years 


or employees, eating non-native diets for in- 
definite periods of time away from home. 
Thirty-nine of 52 reported places of residence, 
in 1966, were represented by only 1 or 2 sub- 
jects each. 





Residence 


Number 
counted 
and year 


Average * 
height 
(em) 


Average * 
weight 
(kg) 


Average 


Cesium-137 concentrations | Ratio of 1967 to 1966 





Average 
(nCi/kg) 


Maximum 
(nCi/kg) 


Average 


Maximum 





>65 
46-65 
>65 
46-65 
>65 
46-65 
46-65 











12. 


i 
AOD 


CACKSAWOWOA 











46-65 
>65 





16—1966 
1967 
22—1966 
1967 





| 











*In 1967, the heights and weights were measured. In 1966, the individuals were asked their approximate height and weight. 
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Interpretation of 1967 results 


The summary at the end of table 2 gives the 
average cesium-—137 concentrations, by sex and 
weight group, for all persons counted in April 
and May 1967. Five villages and cities, 
(Ambler, Selawik, Noorvik, Shungnak and 
Anaktuvuk Pass) had averages about 114 to 
2 times the overall average concentrations. 
These were estimated to contain 27 percent of 
the total population of the 13 locations where 
counting was done. The five communities are 
inland river villages and depend on hunting 
for meat (particularly caribou and moose), 
with practically all fishing being done in the 
summer and fall. 

Five other villages, Shishmaref, Noatak, 
Mekoryuk, Egegik, and Teller, contain about 
24 percent of the total population of the 13 
locations where counting was done in 1967. 
The average concentrations for individuals in 
these communities ranked slightly below the 
overall averages. These communities have free 
access to hunting or commercial sources of 
reindeer or caribou. However, with the excep- 
tion of Noatak, they are located on or near the 
coast where river and estuarial fishing is prac- 
ticed much of the year, where salmon may be 
abundant, and where sealing and walrus hunt- 
ing may provide additional sources of food or 
income. At Mekoryuk, each head of a family 
may kill five reindeer annually free of charge. 
Egegik is a village oriented around salmon fish- 
ing and canning. Only at Egegik and Noatak 
can the caribou be freely hunted when they are 
available. Here, too, moose are an important 
diet element when in season, and the meat may 
furnish part of the cesium-137 in the total diet 
of some residents. 

The remaining 49 percent of the population 
in the 138 communities are in Wainwright, Point 
Hope, and Barrow, three cities having the 
lowest average concentrations of cesium-—137. 
The residents of these cities concentrate on 
whaling, sealing, and other coastal hunting in 
the winter. Coastal, estuarial, and river fish 
and birds are abundant. While caribou might 
be hunted directly, residents also purchased 
the meat in the local stores. 

A fourth class of communities, shown by the 
1966 data in table 3, are those in which almost 
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no native Alaskan foods are consumed. With- 
out exception, the average concentrations of 
cesium-137 in these communities seemed to be 
almost as low as in the remainder of the United 
States. These communities were not included 
in the 1967 sample. 

The highest individual concentrations of 
cesium-137 were found in Selawik and Ambler, 
in both men and women. The highest individual 
body content was 1,700 nCi, in a 38 year old, 
82 kg male resident of Ambler. The cesium— 
137 concentration was 20.76 nCi/kg. 

In general, the sexes were indistinguishable 
in the 16-45 kg weight class, by average height, 
weight and age as well as by average and maxi- 
mum cesium-137 concentrations. In the men, 
the average factors above increased slightly 
with increasing weight class. 

In the 46-65 kg and >65 kg weight classes, 
the women were almost the same average age 
as the men although they were shorter and 
lighter in average weight. Average and maxi- 
mum cesium concentrations in women’ reached 
a peak in the 46-65 kg weight class, lower than 
that for the men, and dropped for those over 
65 kg in weight. 

In each village the maximum individual 
cesium-137 concentration was usually about 
two times the average for each weight class, 
except for men >65 kg where it was 1.8 times, 
and for women >65 kg where it was 1.6 times. 
The expected minimum appears generally to 
be the same factor below the average as the 
maximum is above it except in those villages 
where a resident (such as a school teacher) 
does not eat local food and has a body concen- 
tration of cesium-—137 only slightly above zero. 


Determination of the effect of school 
lunch programs 


Of the 13 communities studied in 1967, nine 
had schools operated by the Bureau of Indian 
Affairs, U.S. Department of the Interior. 
These 9 schools, gave each child a _ full 
meal for every noon lunch, 5 days a week, con- 
sisting of processed food, a diet presumably 
lower in radiocesium than the local food. The 
other 4 schools at Ambler, Anaktuvuk Pass, 
Egegik and Teller, were operated by the De- 
partment of Education, State of Alaska, and 
did not give noon lunches. 





A comparison of data listed in table 7 was 
made to see if the supplementary food seemed 
to reduce cesium concentrations in the children 
relative to the adults in BIA villages. No signifi- 
cant overall difference was evident, perhaps 
because the school lunches provided only a 
small fraction of each child’s total daily intake 
of food, or because the lunches of the BIA 
school children were not significantly different 
in cesium content from those of the others. 


Table 6. Comparison of effect of 1967 BIA and State 
school diets on cesium-137 concentrations in children 
relative to adults 





Ratio of average 
cesium-137 concentration 
16-45 kg 


Type of school and location 46-65 kg 





Female 





State school: 
PE nnananons ‘an htentitniaaninaiiemnatea ate 
Anaktuvuk Pass 
Egegik 
Teller 








Shungnak 
Wainwright 








BIA school average ratio 








Comparison of 1967 with 1966 results 


In the 8 communities listed in table 4, where 
122 male residents had been counted in 1966 
and 204 in 1967, there had been a 25 percent 
reduction over the past year in average cesium— 
137 concentrations. The individual maxima de- 
creased approximately 33 percent. 

- Table 5 compares the data for 38 men resi- 
dents in 5 communities who were counted both 
years. The overall decrease in average cesium— 
137 concentration was 15 percent. Each of the 
three principal villages counted showed a differ- 
ent pattern; the average concentration in men 
at Anaktuvuk Pass dropped by 37.5 percent; 
Selawik showed a 15.7 percent decrease, while 
the residents of Egegik showed an insignificant 
2 percent increase. The maximum individual 
concentrations changed comparably. 
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Radiation dose indices 


The average annual radiation dose in an 
Alaskan from an average concentration of 
cesium-137 of one nanocurie per kilogram of 
body weight may be estimated as: 


r=(W°*+4.5) mrad/annum per nCi/kg (5) 


where W = body weight in kg, from 15 to 100 kg. 


Equation (5) was derived from the dose 
calculations made by Miettinen (8) assuming 
that cesium-137 emitted 0.85 gamma photons 
per disintegration (23). The contribution from 
beta particles and conversion electrons of 
cesium-137 in equation (5) is 4.5 mrad/a per 
nCi/kg. The term, W°* mrad/a, empirically 
describes the dose from the absorption of 
gamma and X rays and closely parallels the 
inverse of equation (2), the gamma-ray counter 
sensitivity. The method of dose calculation in- 
corporates an allowance for average subject 
heights associated with the corresponding aver- 
age weights. 


“Radiation dose index’’, r;, may be defined as 
the product of r and A, » ; 


r, = rA,w =(W ** + 4.5) A.w (6) 
Where r;= “radiation dose index” for a specific 
sex-weight group in a community 
at a specific time, in mrad/a; 
r= average annual radiation dose from 
an average concentration of one 
nCi/kg, in mrad/a per nCi/kg; 
A, w= average cesium-137 concentration 
in a specific sex-weight group in a 
community at a spcific time, in 
nCi/kg. 


The “radiation dose index” applies only to 
the date of measurement of one sex-weight 


group in a given community. In the absence 
of any other data or guides, the radiation dose 
index may be assumed to be equal to the aver- 
age annual radiation dose from cesium-137 
for individuals in the particular community 
group being considered. If other data are avail- 
able to permit calculation of other radiation 
dose indices for the same or a comparable 
group, or for individuals from that group, the 
average annual radiation dose will be the sum 
of the radiation dose indices, each multiplied 
by the fraction of the year during which the 
index was believed to apply. In this way, ap- 
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proximate allowances may be made in calculat- 
ing annual population doses, for example, for 
groups of patients, students, or workers who 
change residences periodically. 

For each of the 13 communities surveyed in 
April-May 1967, radiation dose indices have 
been calculated from table 2 and table 83, using 
equation (6) for each of the six sex-weight 
classifications. The indices are listed in table 
7. If more than 2 individuals from a com- 
munity group were surveyed in 1966, the data 
for that year are also given in table 7. 


Table 7. Radiation dose indices for cesium-137 in Alaskan 
communities,* April-May 1966 and 1967 





Date 





Location 
Month; Y 














Measured in 1966 
and 1967: 
Anaktuvuk Pass __ 


Point Hope 
Shishmaref 





























* Values of r;, in mrad/a, by year, sex, and weight group. 


In the calculations, the following values of 
r were used: 





Average 1967 r 
weight (mrad/a per 
(kg) nCi/kg) 
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Omitted from table 7 for lack of data are 
the indices for at least 163 men and 97 women 
reported to be temporarily away from their 
communities of residence in 1967 (hospital 
patients, teenagers at boarding school, etc). 

An important conclusion may be drawn from 
equations (2) and (6). Equation (2) states, 
in slightly modified form: 


A,.~w=CPM/(83.3W°:*), in nCi/kg 
and equation (6) states: 


r,= (W°-*+4.5) A, ~, in mrad/a. 
If the two equations are combined, we find that 


r= (CPM) (W°:*+-4.5) /(83.3W°-*) 
and, therefore, 


r,;= (CPM) (0.012+-0.054/W°*) (7) 
where, as defined before, 


r,=radiation dose index for a _ specific 
sex-weight group, in mrad /a, 

CPM =sum of net counts per minute in channels 
corresponding to gamma-ray energy 
from 0.59 through 0.73 MeV, 

W =weight of subject, in kg. 
For W=16 kg, the weight of a 4 or 5-year-old 
child, 
r,=0.0355(CPM) (8) 


For W = 100 kg, the weight of the largest subject 
observed in this study, 
r,=0.0256(CPM) (9) 

If the average of the two coefficients of 
equations (8) and (9) is taken and rounded 
off (corresponding to a subject weight of 36 
kg), an estimate of the “radiation dose index” 
may be made for all subjects from a single 
formula, 

r,=0.03(CPM) (10) 

The error, for subjects from 16 to 100 kg, 
will not exceed 17 percent and will be negligible 
if a well distributed sample of subjects of all 
sizes is taken. 

Equations (8), (9) and (10) show that 
the average radiation dose to a person from 
corporeal cesium-—137, as measured by a 7.5 x 
7.5 cm NalI(T]) scintillation crystal held in the 
lap and covered by the forearms and upper 
body, is almost entirely a function of the 
cesium-137 concentration in the body, not of 
the total body content of cesium-137. We have 
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stated that net natural background did not 
seem to vary with subject height, weight, or 
sex. This implies that at each counting loca- 
tion, using calibrated crystals, one can cal- 
culate a radiation dose index for a group of 
the residents: 


(= of gross CPM 
r;=m 





n 

where m is the detector sensitivity, (mrad/a® 
CPM), usually 0.030-0.033 for 7.5 x 7.5 
cm crystals 


BKGD is the net background count rate 
calculated for a human subject contain- 
ing no cesium-137 ; 

r, is the “radiation dose index” in mrad/a 
for the counting location ; 

Sum of gross CPM is the sum of the 
gross cesium counts per minute for all 
subjects ; 

and n is the number of subjects at the counting 
location. 

The radiation dose index for the group can 
be calculated directly from the net counting 
data and does not involve intermediary cal- 
culations of individual cesium concentrations 
or knowledge of the body weights. 


—BKGD) (11) 


Summary and conclusions 


During April and May 1967, cesium—137 con- 
centrations were measured by the National 
Center for Radiological Health, Public Health 
Service, in 1,334 residents of 13 Alaskan vil- 
lages and cities where caribou and reindeer 
are major sources of meat. Unshielded 7.5 x 
7.5 cm Nal(T1) scintillation detectors, held in 
the lap, were used for subjects of both sexes, 
from 4 to 91 years old, weighing 16 to 100 
kilograms. The overall cesium-137 concentra- 
tions were: 





| 


| 
Number of | Weight range 
subjects (kg) 


Cesium-137 concentrations 
(nCi/kg) 





Group 
average 


Individual 
maximum 




















No cesium-—134 was detected. 
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Cesium-137 concentrations were highest in 
Ambler, Selawik, Noorvik, Shungnak and 
Anaktuvuk Pass, intermediate in Shishmaref, 
Noatak, Mekoryuk, Egegik and Teller, and low- 
est in three coastal cities where whaling is done 
(Wainwright, Point Hope and Barrow). 

The Bureau of Indian Affairs school lunch 
program, where practiced, did not appear to 
reduce significantly the cesium—137 concentra- 
tions in children. Average concentrations in 
men who were measured both years at Anak- 
tuvuk Pass dropped 37.5 percent from 1966 to 
1967; Selawik males showed a 15.7 percent 
decrease, while cesium-—137 concentrations in 
adult male residents of Egegik increased 2 
percent. 

The Federal Radiation Council has discussed 
guidance with regard to the need for protective 
actions to reduce cesium—137 concentrations in 
Alaskans (1). They have concluded that the 
applicable Radiation Protection Guide is 0.5 
rad per year because the cesium-137 in the 
groups of interest is ‘being measured directly. 
The data given in table 7 show that comparable 
1967 values were almost consistently lower 
than those for 1966, and in neither year did 
the group averages equal or exceed one-third 
of the Radiation Protection Guide. The highest 
individual values listed in table 2 (1967), 21 
nCi/kg in an 82 kg man (0.17 rad/year), and 
table 3 (1966), 32 nCi/kg in a 68 kg man (0.26 
rad/year), were below the RPG, indicating that 
while surveillance should be continued, no pro- 
tective action is necessary at this time. 
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Technical Notes 


Alpha Radiation Exposure Levels in Underground Uranium and Other Mines 


Bureau of Mines * 
Department of the Interior 


Surveys of radon daughter concentrations in 
air in underground uranium mines were begun 
by the Bureau of Mines in the early 1950’s when 
the U.S. Public Health Service first warned of 
the potential hazard of lung cancer due to 
ionizing radiation. 

For more than 15 years, inspections, includ- 
ing surveys of radon daughter concentration, 
have been conducted in uranium mines on 
Indian lands. From 1959 through March 30, 
1962, when they were closed, mines on Atomic 
Energy Commission withdrawn lands? were 
also inspected by the Bureau of Mines. In 1961, 
at the request of the Industrial Commission, 
State of Utah, the Bureau aided in establishing 
a State uranium mine radiation control pro- 
gram. Bureau engineers and Utah State mine 
inspectors jointly inspected all operating ura- 
nium mines in Utah at least once. 

During 1962 and 1963, under Public Law 
87-300, the Department of the Interior, acting 
through the Bureau of Mines, was charged with 
responsibility for reporting to the Congress on 
health and safety conditions in all the Nation’s 
noncoal mines including uranium mines. Dur- 
ing this period, radon-daughter concentrations 
were measured on two occasions in each of the 
larger underground uranium mines and in most 
of the smaller ones. 


‘Summarized from “Mineral Industry Surveys, 
Health and Safety Summary,” prepared by the staff of 
the Division of Accident Prevention and Health, Bureau 
of Mines, Washington, D.C., May 1968, and “Mineral 
Industry Surveys, Health and Safety Summary” pre- 
pared by Donald K. Walker, technical assistant, Health 
and Safety District E, Bureau of Mines, Denver, Colo., 
August 1968. 

2? Lands withdrawn from the public domain for AEC 
use. 
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Individual reports were issued covering the 
inspections and surveys made in this period. 
Table 1 summarizes the radon daughter con- 
centrations expressed as working levels * found 
from 1959 to 1963. Prior to 1962 only working 
places were sampled and full-shift exposure 
rates were not estimated. Since 1962, full- 
shift exposure rates have been estimated for 
individual underground workers based on de- 
velopment of a _ spot-check time-weighted 
method (1) as result of a special study con- 
ducted in 10 mines during October 1960 through 
May 1961. 


Procedure 


Radon daughter sampling was performed 
using the conventional filtered-air method (2). 
Mine air was drawn through filter papers at 
a measured rate by a pump for a 5 or 10- 
minute period. After allowing the particulates 
collected on the filters to age at least 40 minutes, 
alpha radioactivity was measured using a cali- 
brated scintillation-type field counter. Alpha 
radioactivity at the time of measurement was 
converted to potential alpha-particle energy at 
the time of sampling by dividing disintegra- 
tions per minute by the number of liters 
sampled and multiplying by the elapsed time 
factor (2). 


3 One “working level” is defined as any combination 
of radon daughters in 1 liter of air that will result in 
the ultimate emission of 1.3 x 105 MeV of potential 
alpha-particle energy. The numerical value of the 
working level is derived from the alpha-particle energy 
released by the total decay of the short-lived radon 
daughter products at radioactive equilibrium with 100 
pCi of radon—222 per liter of air. 
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Table 1. Radon-daughter concentrations found during various surveys 





Total 
number 
of 
working 


Survey Number of mines 





1959-61 mines on 
Indian land and AEC 
with drawn land 


(1st inspection) 50 93 
(2nd inspection) 33 94 
(8rd inspection) 29 86 
(4th inspection) 21 85 
(5th inspection) 19 88 
(6th inspection) 10 64 
(7th inspection) 4 13 


Number of working places within working level range 





places 


0-0.3 0-5.0 0-10.0+ 





(*) 15 (°) 
(*) 
(*) 
(°) 
(*) 
(°) 
(°) 


93 
(100) 
94 
(100) 
8 
(100) 
85 
(100) 
(100) 
64 
(100) 




















Estimated average full-shift exposure rates 





Number of men exposed within working level range 





PL 87-300 (1962-63) (1st inspection) 139 


(2nd inspection) 119 











1,634 
(74) 


1,946 
(88) 


2,104 


1,653 | 1,907 ; 
(85)| (96) 


(74) 





* No results in given working level range. 


> Values in —- are percent of working places or men in given working level range. 


© Data for t 


Individual samples were taken in all occupied 
mine areas. A time study was made to allow 
individual samples to be time weighted into 
average full-shift exposure rates for each miner 
or group of miners (1). 

Detailed ventilation-radiation level studies 
were made in six of the larger underground 
uranium mines in April through September 
1967. These studies were designed specifically 
to reveal the relationships between ventilation 
and working levels which existed in the mines. 
Each detailed study required tracing and 
measuring the ventilating air both quantita- 
tively and qualitatively (for alpha radiation 
from airborne particulates) from the point 
where fresh air entered the mine to where the 
air was distributed in production areas and 
finally where return air was exhausted at the 
surface. Although these studies were very time 
consuming, after all the information was as- 
sembled, a clear picture of the relationships 
being sought was afforded. Conditions were de- 
scribed and recommendations for reducing 
working levels were developed (table 2). 
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is range of exposures was not recorded prior to 1961. 


Table 2. Summary of recommended ventilation changes 
to reduce radiation levels in six underground uranium 
mines in which detailed ventilation-radiation surveys 

were conducted in 1967 





Number of 
times recom- 
mendation 
was made 


Recommendation 





Provide and maintain auxiliary ventilation 10 
Eliminate recirculation 10 
Seal old workings s 3 
Increase primary ventilation 3 
Additional openings required 2 
——— for insuring that all fans are operating 

while men are underground should be designated 1 








Recent survey data 


On March 30, 1967, the Bureau of Mines 
began the latest survey of radiation exposure 
rates experienced by miners in all the nation’s 
underground uranium mines. These data were 
collected during radiation surveys made by 
mining engineers of Health and Safety District 
E, Bureau of Mines, Denver, Colo., and the 
Phoenix, Ariz., and Salt Lake City, Utah sub- 
district offices. Surveys were made in uranium 
mines in Arizona, California, Colorado, New 
Mexico, South Dakota, Utah, and Wyoming. 
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Table 3. Estimated full-shift exposure rates to radon daughters, April 1-June 30, 1967 * 





Mines employing more than four men Mines employing four men or less Total of all mines 
Average exposure rates 


(working levels) 





Cumulative 
percent 


Percent men 
exposed 


Cumulative | Number of | Percent men| Cumulative | Number of 


percent 


Percent men 
expo! 


Number of 






































* 119 original surveys. 


Table 4. Estimated full-shift exposure rates to radon daughters, 
July 1-September 30, 1967 * 





Total of all mines 


Mines employing more than four men 


Mines employing four men or less 





Average exposure rates 
(working levels) 
Number of 


Percent men 


Cumulative 


Number of 


Percent men 
exp 


Cumulative 


Number of 


Percent men 
exp 


Cumulative 
percent 









































* 47 original surveys and 30 resurveys. 


Table 5. Estimated full-shift exposure rates to radon daughters, 
October 1-December 31, 1967 * 





Mines employing more than four men 


Average exposure rates 


Mines employing four men or less 


Total of all mines 





(working levels) 
Number of 


Percent men 
exposed 


Cumulative 
percent 


Number of 


Percent men 
ex 


Cumulative 


Number of 
men exposed 


Percent men 
ex 


Cumulative 
percent 



































* 10 original surveys and 48 resurveys. 


Table 6. Estimated full-shift exposure rates to radon daughters, 
January 1-March 31, 19684 





Average exposure rates 


Mines employing more than four men 


Mines employing four men or less 


Total of all mines 





(working levels) 
Number of 
men exposed 


Percent men 
exp 


Cumulative 


Number of 


men exposed 


Percent men 
ex 


Cumulative 


Number of 
men ex 


Percent men 
ex 


Cumulative 






































® 8 original surveys and 32 resurveys. 
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Table 7. Estimated full-shift exposure rates to radon daughters, April 1-June 30, 1968* 





Mines employing more than four men 
Average exposure rates 


Mines employing four men or less 


Total of all mines 





(working levels) 
Number of | Percent men | Cumulative 
men exposed exposed percent 


Number of | Percent men | Cumulative 
men exposed 


| Number of | Percent men| Cumulative 
men exposed percent 


exposed percent 









































* 23 original surveys and 40 resurveys. 


All active underground uranium mines were 
surveyed once and most have been resurveyed. 
Not all mines were surveyed in any one quarter. 
The selection of mines surveyed in a period 
was not completely random. However, enough 
mines were surveyed each quarter to give an 
industry-wide picture. 

Data collected through June 30, 1968, during 
original surveys and resurveys of these mines 
are summarized in tables 3 through 7, by 
quarter years for comparison purposes. The 
steady improvement is indicated in the quar- 
terly results given in tables 3 through 7. Table 
3 shows that full-shift exposure rates were less 
than one working level for 59.1 percent of the 
miners evaluated in the first quarter of sam- 
pling (April 1—June 30, 1967), and table 7 
shows this figure increased to 85.6 percent for 
the last quarter sampled (April 1-June 30, 
1968). 

Because of the Secretary of Labor’s June 12, 
1967, issuance of an exposure standard of 0.3 
working level month ‘ for operations subject to 
the Walsh-Healey Public Contract Act (3), the 
data are summarized so as to allow evaluation 
in terms of the Secretary of Labor’s standard 
as well as in terms of the exposure standard of 
1.0 working level month tentatively recom- 
mended by the Federal Radiation Council (4). 

Table 8 summarizes suggestions given in the 
initial survey reports for reducing working 
levels in 197 mines. Table 9 is a summary of 
suggested ventilation changes to reduce work- 
ing levels in 186 mines surveyed twice. 


* A working level month is defined as the exposure 
received by a worker breathing air at one working 
level concentration for 4% weeks of 40 hours each. 
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Table 8. Summary of suggested ventilation changes to 
reduce alpha radiation levels in initial surveys of 
197 underground uranium mines * 





Number of times suggestion 
was recor: 





Suggestion 

127 mines | 70 mines 

employing | employing Total 

four men | more than | 197 mines 
or less four men 





Provide and maintain auxiliary 
ventilation 33 
Eliminate recirculation and short 
circuiting 19 
Seal old workings 26 
Increase air volume by larger fan, 
adjustment of fan or additional fan- 27 
Provide mechanical ventilation 
Additional openings required 28 








134 











® This is a subjective compilation adequate only to give a broad general 
picture. Specific recommendations were not made in radiation survey 
reports; information in this table is gl d from y di i in 
the reports. 





Nonuranium mines 


To determine the extent of the alpha radia- 
tion problem in mines other than uranium, 
radon-daughter samples have been taken in 
several nonuranium mines. These data are 
compiled in tables 10 and 11. The data listed 
in table 10 were collected during environmental 
dust surveys conducted from 1958 to 1961. The 
data in table 11 were collected from September 
1, 1967 through May 10, 1968. 

Indications to date are that current condi- 
tions in nonuranium mines are generally ade- 
quate to meet a 1.0 working level standard. 
However, spot sampling for radon daughter 
concentrations will eventually apply to all 
underground mines in the United States for a 
full assessment of the potential health problem 
to underground miners. 
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Table 9. Summary of suggested ventilation changes to reduce alpha radiation levels 
comparing initial surveys with resurveys of 136 underground uranium mines * 





Suggestion 


Number of times suggestion was recorded 





74 mines employing four men or less 


62 mines employing more than four men 


Total, 136 mines 





Initial 
survey 


Resurvey 


Initial 





| 
Adopted 


Repeated 


survey 


Resurvey 





Adopted 


Initial 
survey 





Resurvey 





Adopted 


Provide and maintain auxiliary 
ventilation 

Eliminate recirculation and short 
circuiting 

Seal old workings 

Increase air volume by larger fan, 
err of fan or additional 


Provide mechanical ventilation 
Additional openings required 





14 
7 
7 


12 
3 
7 











1 
13 


























50 107 











* This is a subjective compilation only. Radiation survey and resurvey reports do not present specific recommendations and adopted suggestions are 
ry 


not always reported. Information in this table was gleaned from 





Table 10. Radon-daughter sampling in nonuranium 
mines, 1958-1961 


in the reports and is not complete. 


Table 11. Radon-daughter sampling in nonuranium 
mines, 1967-1968 





Number 
Commodity of 
mines 


Working 
levels 


Working 


Commodity levels 





AA 


4 
22 
5 
2 
2 


to 


noe 
HNO OK RK ONNOWCUr- 


Lead-silver 
Lead-zine 


Manganese 
Mercury 


9D tO et et tO CO CO tO HOD 


Molybdenum 


g 
a 
® 
sini 
~ 
oe 

















* Unventilated area. 


Acknowledgement 


The cooperation of mining companies and 
their personnel in facilitating the collection of 
radon-daughter samples and obtaining related 
data is gratefully acknowledged. State inspec- 
tion personnel frequently accompanied Bureau 
of Mines engineers during the surveys and 
studies and their efforts and cooperation were 
very helpful. 


REFERENCES 
(1) BATES, R. C., and R. L. ROCK. Estimating daily 


December 1968 


B 


Fluorspar 
Molybdenum 


Tungsten, copper, molybdenum... 


Com oe 


3 AZA 
_ 8Z. 
5.8 os8 


POOH KKH AK NONMKD SCH TASH Oe BO 
Z. 


A 
— er te 


A 





~ 
oo 
Nn 














exposures of underground uranium miners to airborne 
radon-daughter products. Bureau of Mines Report of 
Investigations 6106 (1962) p. 22. 

(2) HOLADAY, D. A., D. E. RUSHING, R. D. COLE- 
MAN, P. F. WOOLRICH, H. L. KUSNETZ, and 
W. F. GALE. Control of radon and daughters in 
uranium mines and calculations on biologic effects, 
PHS Publication No. 494. U.S. Department of Health, 
Education, and Welfare (1957) pp. 32-42. 

(3) DEPARTMENT OF LABOR. Standards for 
Uranium Mining, Amendment of June 9, 1967. 
Federal Register 67-6687 of June 12, 1967. 

(4) FEDERAL RADIATION COUNCIL. Radiation 
protection guidance for federal agencies. Memoran- 
dum for the President, July 21, 1967. Federal Regis- 
ter 67-9037 of July 31, 1967. 


723 








Alpha Radioactivity in Coal Mine Drainage in Western Pennsylvania 


Roger D. Caldwell, Ronald F. Crosby and M. Paul Lockard' 


Most health groups at nuclear facilities, in 
addition to their regulatory responsibility to 
monitor the effluents from the facility, monitor 
the offsite environment. This is done to (1) 
determine the effectiveness of their effluent 
monitoring, (2) determine the level of offsite 
exposure and (3) provide a background base in 
case of an accidental release. The Nuclear Mate- 
rials and Equipment Corporation (NUMEC) 
samples Kiskiminetas River at weekly inter- 
vals (in addition to the routine air, fallout and 
vegetation monitoring), as the effluent from 
NUMEC is emptied into this river. 

The NUMEC nuclear fuel plants are located 
about 30 miles northeast of Pittsburgh. The 
Kiskiminetas River flows into the Allegheny 
River just north of Pittsburgh (figure 1). The 
plutonium plant is about 10 miles up the 
Kiskiminetas River near Leechburg; the ura- 
nium plant is in Apollo, 5 miles farther up- 
stream. 





‘ 
- ' 

= RIVER 

' 














Figure 2. Physiographic divisions of Pennsylvania 


1 Mr. Caldwell is manager, Health and Safety De- 
partment; Mr. Crosby is an environmental monitoring 
specialist and Mr. Lockard is a radiological services 
technician; Nuclear Materials and Equipment Corpo- 
ration; Apollo, Pa. 15613. 
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Origin of natural radioactivity in coal 
mine drainage 


Coal mining—once the principal industry— 
is still an important industry in western Penn- 
sylvania. Several authors have referred to the 
association between uranium and coal in mines 
(1-7). Large reserves of uranium-bearing coal 
and lignite are known in western.North and 
South Dakota and southeastern Montana. In 
1954, considerable tonnages of ore-grade urani- 
ferous lignite were discovered in the Cave Hills 
area of western South Dakota (6). These 
western United States discoveries led the U.S. 
Geological Survey to explore eastern coal re- 
serves for uranium occurrences (2, 3). Ura- 
nium was found in uneconomic concentrations 
in Pennsylvania coal. Estimates ranged from 
10 to 140 parts per million, although some 
eastern Pennsylvania sedimentary deposits con- 
tain up to 0.3 percent U;0, (1). 

The coexistence of uranium and coal is ex- 
plained by the descending meteoric .hypothesis 
for uranium occurrences (1). Downward mov- 
ing solutions leached small amounts of uranium 
and other metals from syngenetic accumula- 
tions in the overlying sediments and these 
metals ultimately were precipitated in carbon- 


aceous zones by organically produced hydrogen 
sulfide. 


Survey and analytical methods 


Samples were taken from the Kiskiminetas 
River at three sites to determine the alpha 
radioactivity concentration. The sampling sites 
at Apollo, Leechburg, and Vandergrift are above 
the uranium plant, below the plutonium plant 
and between the two plants, respectively. The 
average radioactivity concentrations for 1966 
are given in table 1. Since nuclear fuel radio- 
nuclides are alpha-particle emitters, only alpha 
radioactivity levels are reported. 





Table 1. Alpha radioactivity concentrations on the 
Kiskiminetas River, 1966 





Concentration 
(pCi/liter) 
Sampling location 





Minimum | Maximum Average 





Apo 
Vandergrift 











The average gross alpha-particle concentra- 
tions observed in the Kiskiminetas River are 
higher than for most eastern U.S. rivers (8). 
Since the average flow in the Kiskiminetas 
River is more than 3,000 cubic feet per second 
(as determined by the Hydrology Section of 
the Army Corps of Engineers, Federal Build- 
ing, Pittsburgh, Pa.), the weighted concentra- 
tion at Apollo represents about 100 millicuries 
per day. This is 20 times the radioactivity that 
would be permitted to be released per day from 
both plants. 

Since concentrations of alpha radioactivity 
range from tenths of a picocurie per liter to 
more than 100 pCi/liter, the upstream source 
apparently was fluctuating. Figure 2 shows 
the monthly average concentration for all three 
locations. The calculated millicuries per day 
show that the total radioactivity per day is a 
function of both the flow rate and concentra- 
tion but appear to depend more on the flow 
rate than the concentration. 


A 2-day survey by canoe of the Kiskiminetas 
River watershed was undertaken in May 1966 
to determine the cause of the upstream radio- 
activity. The survey was repeated in June 1967 
and additional surveys of the west branch of 
the Susquehanna River were done in August 
and November of 1967. 

The Kiskiminetas River watershed contains 
a number of coal mines, whose drainage creates 
a high acid content (pH = 2-5) in the Kis- 
kiminetas River. Geological publications have 
described the association of uranium and coal 
in western Pennsylvania (1-3). Since coal mine 
drainage might be the source of upstream radio- 
activity, water from several mines was sampled. 

Figure 3 shows the detail of the 1966 survey. 
River samples were taken from the Allegheny 
to the Loyalhanna reservoir. All large side- 
streams were sampled and samples were ob- 
tained directly from two mines and a boney pile. 
The term “boney pile” refers to the shale over- 
cover removed from coal. Most of the river 
samples were obtained from canoes or flat- 
bottomed fishing boats, since the Kiskiminetas 
River has a shallow draft from late spring to 
fall. 

One-liter samples were collected at each loca- 
tion. The acidity of each sample was tested 
with wide range pH test strips or field pH 
meters. Most mines and sidestreams showed 
high acidity. The Kiskiminetas River is one of 
the more acid rivers in Pennsylvania. 
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Figure 2. Alpha radioactivity in the Kiskiminetas river, July 1966-July 1967 
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Figure 3. Radioactivity survey on the Kiskiminetas river 


The samples were analyzed for gross alpha 
radioactivity following the general procedures 
used by the Public Health Service (4). The 
suspended matter was removed by centrifuga- 
tion and filtration. The filtered water samples 
were treated with 1 N HNO, to digest organic 
matter evaporated to low volume and trans- 
ferred to stainless-steel planchets for counting. 
The planchets were flamed to dull red, cooled 
and weighed. Alpha-particle counting was done 
in an alpha scintillation counter whose back- 
ground never exceeded one count per minute 
or a gas proportional counter whose back- 
ground never exceeded 0.3 count per minute. 
All samples were counted for at least 10 
minutes. Correction was made for self-absorp- 
tion for samples exceeding 10 mg/cm’. 

Suspended solids in the samples were also 
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analyzed for alpha radioactivity. While self- 
absorption uncertainties were present, most of 
the radioactivity appeared in the dissolved 
solids. 


Results 


The results of the May 1966 survey of the 
Kismiminetas River watershed are given in 
table 2. The levels of radioactivity concentra- 
tions in coal mine drainage are appreciable 
considering that the MPC, for unidentified 
radionuclides is 10 pCi/liter. Radiochemical 
analyses were done on several samples. Alpha- 
particle emitters were determined by alpha 
spectroscopy except that radium—226 was deter- 
mined by the radon emanation technique. The 
radioactivity was found to be predominantly 
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Table 2. Kiskiminetas River watershed alpha 
radioactivity survey, May 1966 


Table 3. Kiskiminetas River watershed, alpha 
radioactivity survey, June 1967 





Concen- 
tration 
(pCi/liter) 


Sampling point* Remarks 





Allegheny River 


Old mine drainage 


Downstream of principal mine drainage 
Downstream of principal mine drainage 
Downstream of principal mine drainage 


Upstream of all mines 


Mine drainage 
Mine drainage 


Downstream of boney pile 


Upstream of all mines 
Upstream of all mines 
Reservoir, some mine drainage 


¢ oe) 
COMCRAMNOCOMOOOCINWMND BDAISRANMDOHMRWMOINUENMOO~ 


Shale overcover of coal 











* See figure 3 for sampling point location. 


uranium-234 and uranium—238; less than 10 
percent was from radium-226. 

The increased levels of radioactivity appear 
to be only associated with coal mine drainage. 
River samples 1 and 20, and stream samples 
G, H, I, K, N, and O are all upstream from 
mine drainage and all are low in gross alpha 
radioactivity. 

The Kiskiminetas River watershed survey 
was repeated in June 1967. The results are 
given in table 3. Only sidestream samples were 
taken on this survey to gain additional detail 
over the 1966 survey. While not as dramatic 
as the 1966 data, the 1967 data confirmed the 
high concentrations in coal mine drainage. 

A review of the Pennsylvania geological 
literature indicates that other watersheds might 
contain radioactivity from mine drainage. Con- 
sequently, the west branch of the Susquehanna 
River was surveyed in August and November 
1967. Results of this survey are in table 4. 
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Concentration 


Sample location 
(pCi/liter) 





Conemaugh reservoir 

Mine stream, 1 mile below dam 

Side stream, 2 miles below dam 

Side stream, 3 miles below dam 

Side stream at Deep Rapids 

River, Saltsburg 

Mine stream, Saltsburg 

Fresh stream, 1 mile below Saltsburg- -- 
Side stream, 1.5 miles below Saltsburg-- -- 
Mine stream, 2 miles below Saltsburg 
Mine drainage, 2 miles below Saltsburg 
Mine stream, Salina 

Mine drainage, Brownstown 

Mine drainage, 1 mile below Brownstown 
Mine drainage, 1.5 miles below Brownstown 
Beaver Run, W. A 

Mine stream, N. 

Pine Run Creek 

Side stream, River Road 

Mine drainage, N. Vandergrift 

Stitt’s Run 

Storm culvert #1 

Storm culvert #2 

Hungry Hollow Creek 

Fresh water spring, Leechburg 

Mine stream, Leechburg 

Mine stream, Baghdad #1 

Mine stream, Baghdad #2 

Strip mine, 2 miles above Allegheny River 
Strip mine stream 

Side stream Kiski Junction 


a xn 
DOUMDOCONMANBDAN SDH OR OIMNNNOCHOROCHR OH 








ND, nondetectable. 


It is immediately apparent that the Susque- 


hanna watershed is much less radioactive. 
However, this may be misleading since many 
of the samples were collected following heavy 
rains. In any case, the higher radioactivity in 
some of the coal mine drainage is evident. 


Table 4. West Branch, Susquehanna River watershed 
alpha radioactivity survey, August and November 1967 





Concentrations 


Sample location 
(pCi/liter) 





Mine drainage, W. Decatur 

Moshannon Creek, Phillipsburg 

Moshannon Creek, Route 153 

Lick Run, Shawsville 

Deep Mine drainage, Osceola Mills . 
Susquehanna River, Clearfield (above mine pollution) - - - 
Susquehanna River, above Shawsville power station 
Susquehanna River, below Shawsville 

Trout Run, Mine stream 

Mine Settling Ponds, Karthaus 

Mosquito Creek, unpolluted 

Deer Creek, unpolluted 

Shintown Run, Mine Stream 

Kettle Creek, Mine Stream 

Cooks Run, Mine Stream 

Strip Mine, Chilcote farm 

Indian Caverns 








ND, nondetectable 
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SECTION I. 


Milk Surveillance’ 


Although milk is only one of the sources of 
dietary intake of environmental radioactivity, 
it is the food item that is most useful as an 
indicator of the general population’s intake of 
radionuclide contaminants resulting from en- 
vironmental releases. Fresh milk is consumed 
by a large segment of the population and con- 
tains several of the biologically important 
radionuclides that may be released to the en- 
vironment from nuclear activities. In addition, 
milk is produced and consumed on a regular 
basis, is convenient to handle and analyze, and 
samples representative of general population 
consumption can be readily obtained. There- 
fore, milk sampling networks have been found 
to be an effective mechanism for obtaining 
information on current radionuclide concentra- 
tions and long term concentration trends. From 
such information, public health agencies can 
determine the need for further investigation 
and/or corrective public health action. 

The Pasteurized Milk Network, sponsored by 
the National Center for Radiological Health 
and the National Center for Urban and Indus- 
trial Health, U.S. Public Health Service, con- 
sists of 63 sampling stations; 61 located in the 
United States, one in Puerto Rico, and one in 
the Canal Zone. Many of the State health de- 
partments have also initiated local milk sur- 
veillance programs which provide more com- 


‘Special report prepared by Marvin Rosenstein, 
senior technical editor, Radiological Health Data and 
Reports, with the assistance of Warren A. Brill, tech- 
nical editor, Radiological Health Data and Reports, and 
Mary H. Nesdore, public health analyst, Radiation Ex- 
posure Intelligence Section, Standards and Intelligence 
Branch, National Center for Radiological Health. 
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MILK AND FOOD 


prehensive coverage within the individual 
State. Data from 15 of these State networks 
are reported routinely in Radiological Health 
Data and Reports. Additional networks for the 
routine surveillance of radioactivity in milk in 
the Western Hemisphere and their sponsoring 
organizations are: 


Pan American Milk Sampling Program 
(Pan American Health Organization and 
the U.S. Public Health Service)—5 sam- 
pling stations, 


Canadian Milk Network (Radiation Pro- 
tection Division, Canadian Department of 
National Health and Welfare)—16 sam- 
pling stations. 


The sampling locations that make up the 
networks presently reporting in Radiological 
Health Data and Reports are shown in figure 
1. Detailed sampling locations provided for by 
the State networks are presented in another 
section of this report. 

Based on the similar purpose for these sam- 
pling activities, a format has been developed 
to integrate the complementary data that are 
routinely obtained by these several milk net- 
works. To do this, it was necessary (1) to 
determine whether the data being generated by 
the various laboratories were accurate and 
satisfactorily comparable and (2) to develop 
a common reporting basis. A discussion of 
existing radiation protection guidance applica- 
ble in the United States is also included, in 
order to place the significance of the U.S. data 
reported in perspective. 
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Figure 1. Milk sampling networks in the western Hemi- 
sphere reported in Radiological Health Data and Reports 


Radionuclide and element coverage 


Experience has established that relatively few 
of the many radionuclides occurring or formed 
as a result of nuclear fission become incor- 
porated in milk (1). Most of the possible radio- 
contaminants are eliminated by the selective 
metabolism of the cow, which restricts gastro- 
intestinal uptake and secretion into the milk. 
The five fission-product radionuclides which 
commonly occur in milk are strontium-89, 
strontium-90, iodine-131, cesium-—137, and 
barium-140. A sixth radionuclide, potassium— 
40, occurs naturally in 0.0118 percent abundance 
of the element potassium (15) resulting in a 
specific activity for potassium—40 of 830 pCi/g 
total potassium. 

Two stable elements which are found in milk, 
calcium and potassium, have been used as a 
means for assessing the biological behavior 
of metabolically similar radionuclides (radio- 
strontium and radiocesium, respectively). The 
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contents of both these elements in milk have 
been measured extensively and are relatively 
constant. A brief review of findings over a 3- 
year period is presented. 

A study was made of the PHS Pasteurized 
Milk Network (PMN) results for calcium con- 
tent in milk for the period May 1963—March 
1966 (2). The overall variability of these re- 
sults was determined, taking into considera- 
tion such factors as analytical reproducibility, 
laboratory bias, sampling, seasonal effects, and 
geographical differences. The outcome of that 
analysis was the development of an average 
value for the PMN and its 2-standard devia- 
tion variation, 1.16 + 0.08 g/liter (~ 7 percent), 
as an appropriate calcium content in milk for 
use in general radiological health calculations 
or discussions. As a result of a parallel study, 
an average value for the PMN, 1.51 + 0.21 
g/liter (~ 14 percent), for potassium content 
in milk was developed (3). 
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Figure 2. Average calcium content (g/liter) in pasteurized milk at PMN stations 


The content of calcium in milk observed at 
each of the 63 PMN sampling stations is given 
in figure 2. The 2-standard deviation value 
given above for the grand mean of the 63 sta- 
tion averages includes not only the variation 
among the station averages (4.6 percent), but 
also includes the average variation observed 
at a single sampling location from all normal 
causes (5.5 percent) *. The average calcium 
value for the network and the range of values 
in figure 2 (1.08 to 1.23 g/liter) are in good 
agreement with average calcium values and 
ranges given in dairy references (4,5). A simi- 
lar presentation for potassium is given in figure 
3. The range of potassium content in milk for 
the PMN stations is 1.45 to 1.66 g/liter. The 
variation among the 63 station averages was 
5.5 percent and the average variation observed 
at a single sampling location was 13.7 percent *. 


2 These two variations are combined as [(4.6)2 + 
(5.5)2]!/2 to yield an overall variation of ~ 7 percent 
(2). 
3 These two variations are combined as in footnote 2 
to yield an overall variation of ~ 14 percent. 


732 


Extension of these findings for the PMN to 
the State networks considered in this presenta- 
tion, particularly extension of the 63 individual 
station averages in figures 2 and 3, allows the 
average calcium and potassium content and 
variation to be stated without continuous moni- 
toring for these elements. 


Accuracy of data from various milk networks 


In order to combine data from the inter- 
national, national, and State networks con- 
sidered in this report, it was first necessary to 
determine the accuracy with which each labora- 
tory is making its determinations and the 
agreement of the measurements among the 
laboratories. The Analytical Quality Control 
Service of the National Center for Radiological 
Health conducts periodic studies to assess the 
accuracy of determinations of radionuclides in 
milk performed by interested public health 
radiochemical laboratories. The generalized pro- 
cedure for making such a study has been out- 
lined in the literature (6). 
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Figure 3. Average potassium content (g/liter) in pasteurized milk at PMN stations 


The most recent study was conducted in the 
spring of 1967, with 40 laboratories participat- 
ing in an experiment on milk samples contain- 
ing known concentrations of strontium-90, 
iodine-131, and cesium-137 (7). Of the 19 
laboratories producing data for the networks 
reporting in Radiological Health Data and Re- 
ports, 18 participated in the experiment. Dis- 
cussion of the results of this study is limited 
to these laboratories. The experiments were 
conducted at four concentrations of iodine-131, 
two concentrations of cesium—137, and two con- 
centrations of strontium-—90, which represented 
both high and low levels. 

Figures 4 to 6 present the results for the 
concentrations of strontium-90, iodine—131, and 
cesium-—137 tested which are most representa- 
tive of current environmental levels. 

In figures 4 to 6 a laboratory’s results in- 
dicated analytical accuracy if the mean value 
(a measure of bias) and the range value (a 
measure of internal precision) both fell within 
the 3-standard deviation limits for the concen- 
tration of the particular radionuclide that was 
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measured. Mean and/or range values that fell 
outside the 3—standard deviation limits reflected 
analytical errors that should be corrected. 

In the majority of cases, the results for the 
laboratories fell within the 3—-standard devia- 
tion limits considered appropriate for the 
various analyses (7). Several results were out- 
side the 3-standard deviation limits and the 
most deviant of these represented biases from 
the expected values of 20 to 30 percent. The 
number of laboratories shown in a specific 
figure for a particular radionuclide analysis 
does not total 18 because every laboratory re- 
porting in Radiological Health Data and Re- 
ports does not routinely perform all of the 
radionuclide analyses considered. These results 
were for conditions in the spring of 1967, and 
therefore do not reflect improvements that 
may have taken place as a result of the find- 
ings of the study. Keeping these possible 
differences in mind, integration of the data 
from the various networks can be undertaken 
without introducing a serious error because of 
disagreement among the independently ob- 
tained data. 
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Figure 4. Interlaboratory comparison of iodine-131 
measurements in milk at a concentration of 26 pCi/liter 
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Figure 5. Interlaboratory comparison of cesium-137 
measurements in milk at a concentration of 88 pCi/liter 
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Development of a common reporting basis 


Since the various networks collect and 
analyze samples differently, a complete under- 
standing of several parameters is useful for 
interpreting the data. Therefore, the various 
milk surveillance networks that regularly re- 
port in Radiological Health Data and Reports 
were surveyed for information on analytical 
methods, sampling and analysis frequencies, 
and estimated analytical errors associated with 
the data. 

In general, radiostrontium is collected by 
an ion exchange technique and determined by 
beta-particle counting in low background de- 
tectors, and the gamma-ray emitters (potas- 
sium—40, iodine-131, cesium-—137, and barium-— 
140) are determined by gamma-ray spectros- 
copy on the whole milk. Each laboratory has 
its own modifications and refinements of these 
basic methods. The methods used by each of 
the networks have been referenced in earlier 
reports appearing in Radiological Health Data 
and Reports. 
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Figure 6. Interlaboratory comparison of strontium-90 
measurements in milk at a concentration of 36.9 pCi/liter 








Radiological Health Data and Reports 





A recent article (3) summarized the criteria 
used by the State networks in setting up their 
milk sampling activities and their sample col- 
lection procedures as determined during a 1965 
survey. This reference and earlier data articles 
for the particular network of interest may be 
consulted should events require a more defini- 
tive analysis of milk production and milk 
consumption coverage afforded by a specific 
network. 

Many networks collect and analyze samples 
on a monthly basis. Some collect samples more 
frequently but composite the several samples 
for one analysis, while others carry out their 
analyses more often than once a month. The 
frequency of collection and analysis not only 
varies among the networks, but also at differ- 
ent stations within some of the networks. In 
addition, the frequency of collection and analy- 
sis is a function of current environmental 
levels. The number of samples analyzed at a 
particular sampling station under current con- 
ditions will be reflected in the data presentation. 
While this may appear to complicate compari- 
sons of data, current levels for strontium—90 
and cesium-137 are relatively stable over the 
time periods involved and sampling frequency 
is not critical. For the case of the short-lived 
radionuclides, particularly iodine-131, the fre- 
quency of analysis is critical, and is generally 
increased at the first measurement or recogni- 
tion of a new influx of the radionuclide. 

Also reflected in the data presentation will 
be whether raw or pasteurized milk was col- 
lected. A recent analysis (9) of raw and 
pasteurized milk samples collected during the 
period, January 1964—June 1966, indicates that 
for relatively similar milkshed or sampling 
areas, the differences in concentration of radio- 
nuclides in raw and pasteurized milk are not 
statistically significant. Particular attention 
was paid to strontium-90 and cesium-137 in 
that analysis. 

The following definition of minimum detect- 
able activity (MDA) is given in National Bu- 
reau of Standards Handbook 86 (10): “. .. that 
activity of a radionuclide concerned, which, in 
a given counting time, increases the reading of 
an instrument by an amount equal to three 
times the standard deviation of the background 
recorded in that time.” If one assumes that 
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only random radioactive decay is involved, the 
following relationship would hold: 


oe 
MDA (pCi /liter) -4 “ ‘y= 


where s = standard deviation of background, 

cpm 

B = background counting rate, cpm 

t = counting time for routine analysis, 
minutes 

f = sensitivity of the instrument for the 
procedure employed, cpm/(pCi/ 
liter). 


For measurements of beta radioactivity 
(strontium-89 and strontium-90) the above 
formula does not consider the interaction of 
the sample counting variation with the 
background counting variation. For measure- 
ments of gamma radioactivity (iodine—131, 
cesium-137, barium-—140), the above formula 
can only be based on the energy interval for 
the gamma ray for which the instrument is 
calibrated. Therefore, it does not consider con- 
tributions to that energy interval from other 
gamma rays of the same or other radionuclides 
that occur in other energy intervals in the com- 
posite gamma-ray spectrum. This theoretical 
approach to developing a minimum level for re- 
porting of milk data, therefore, does not ade- 
quately reflect all the conditions that determine 
an actual capability for laboratory measure- 
ments. 

A second term, the practical reporting level, 
will now be introduced. The practical report- 
ing level is based on a laboratory’s experience 
in performing the analytical determinations 
and is a function of its methodology and instru- 
mentation. Each of the networks reported in 
Radiological Health Data and Reports has de- 
veloped independently such a practical report- 
ing level, most often based on 2—standard 
deviation counting errors or 2—standard devia- 
tion total analytical errors from replicate analy- ‘ 
ses experiments. Minimum detectable activities, 
as calculated, and practical reporting levels, 
as defined, for each of the various networks 
are presented in table 1. As expected, the 
minimum detectable activities are lower than 
the practical reporting levels. Since the practi- 
cal reporting level reflects additional factors 
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j 
Table 1. Minimum detectable activities and practical reporting levels for 
analyzing laboratories 
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* Minimum detectable activity as calculated by the method described in the text. 


> Practical reporting level as provided by network. 
e sour’ not routinely performed by network. 
4 Nort 

respectively. 
© No estimate available. 
NA, not applicable. 


that are not considered by the minimum detect- 


able activity calculation, such as sample prepa- 
ration, counting errors not inherent in the mini- 
mum detectable activity, and chemical yield 
variations, it will be used as a more practical 
basis for reporting data. 

In developing a single presentation for the 
data from the various networks, it would be 


confusing and impractical to continually 
refer to a compilation such as table 1 for 
the various practical reporting levels each time 
the data are presented. Review of table 1 in- 
dicates that while the practical reporting levels 
vary, the majority of these for any specific 
radionuclide is within a relatively narrow 
range. Considering also that these levels are 
not derived in a consistent manner for all the 
networks, it would be prudent to simplify this 
procedure and select an appropriate value for 
each radionuclide that reflects a meaningful 
measurement. The following practical report- 
ing levels have been selected for use by all net- 
works whose practical reporting levels were 
given as equal to or less than the given value. 
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eastern Radiological Health Laboratory, Southeastern Radiological Health Laboratory, and Southwestern Radiological 


Health Laboratory, 


Practical 
reporting 
level 
Radionuclide (pCi/liter) 
Strontium-89 
Strontium-—90 
Iodine-131 
Cesium-137 ; sie biaieithitealn 
a 


However, those networks whose practical re- 
porting levels were given as greater than those 
above will use their reported values in order 
that only data considered by the network as 
meaningful will be presented. The practical 
reporting levels apply to the handling of indi- 
vidual sample determinations. The treatment of 
measurements equal to or below these practical 
reporting levels for calculation purposes, par- 
ticularly in calculating monthly averages, will 
be discussed in relation to the revised data 
presentation format. 

Analytical errors of precision expressed as 
pCi/liter or percent in a given concentration 
range have also been reported by the net- 
works. The precision errors given in table 2 
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are either the 2-standard deviation counting 
error or 2-standard deviation total analytical 
error. Review of table 2 indicates that 
precision errors for each of the radionuclides 
would fall in the following ranges. 


Radionuclide Analytical errors of precision, 


2-standard deviation 





Strontium-89 1-5 pCi/liter for levels <50 
pCi/liter; 5-10% for levels 
> 50 pCi/liter 
1-2 pCi/liter for levels <20 
pCi/liter; 4-10% for levels 
>20 pCi/liter 
4-10 pCi/liter for levels <100 
pCi/liter; 6-10% for levels 
>100 pCi/liter 
4-10 pCi/liter for levels <100 
pCi/liter; 4-10% at levels 
>100 pCi/liter 
5-10 pCi/liter at levels <100 
pCi/liter; 6-10% for levels 
> 100 pCi/liter 


For iodine—131, cesium-—137 and barium—140 
there is one exception to these general ranges 
which is the 25 pCi/liter value at levels <100 
pCi/liter for Colorado. The larger Colorado 
variation at low levels is a result of the count- 
ing time and sample volume presently con- 
sidered practical by Colorado for evaluation of 
its milk supplies. This is also reflected in the 
practical reporting level for that network. 

While these errors reflect the precision of the 
routine measurements, accuracy of the analyti- 
cal results is best monitored through inter- 
laboratory quality control procedures, such as 
the one discussed earlier. 


Strontium-90 
Iodine-131 
Cesium-137 


Barium-140 


Federal Radiation Council guidance applicable 
to milk surveillance 


In order to place the U.S. data on radio- 
activity in milk presented in Radiological 
Health Data and Reports in perspective, a sum- 
mary of the guidance provided by the Federal 
Radiation Council for specific environmental 
conditions is presented below. The function of 
the Council is to provide guidance for the use 
of Federal agencies in the formulation of 
radiation standards. 
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Radiation Protection Guides 


The Radiation Protection Guide (RPG) has 
been defined by the Federal Radiation Council 
(FRC) as the radiation dose which should not 
be exceeded without careful consideration of 
the reasons for doing so; every effort should 
be made to encourage the maintenance of radia- 
tion doses as far below this guide as practicable. 
An RPG provides radiation protection guidance 
for the control and regulation of normal peace- 
time uses of nuclear technology in which control 
is exercised primarily at the source through the 
design and use of nuclear material. It repre- 
sents a balance between the possible risks to the 
genera)! public that might result from exposures 
from routine uses of ionizing radiation and the 
benefits obtained from the activities causing 
the exposure. 

FRC Reports 1 and 2 (11, 12) set forth 
RPGQ@’s for specific critical organs (thyroid, 
bone, bone marrow, and whole body) and intake 
guidance for strontium-89, strontium-90 and 
iodine-131. At the same time, the FRC 
recommended that for radionuclides not specifi- 
cally considered in the report, Federal agencies 
should use concentration values which are 
consistent with recommended RPG’s and the 
general guidance on intake. Therefore, using 
appropriate FRC recommendations, intake 
guidance for cesium-137 hzs been considered 
also and included in this summary. 

The basic guide used for cesium—137 is 0.5 
rad/yr* as recommended by the FRC for the 
annual whole body dose to the individual in the 
population or 0.17 rad/yr for a suitable sample 
of the exposed population group. Using the 
dose relationship for cesium—137 given in FRC 
Report 7 (14) and assuming an equilibrium 
condition for uptake and excretion of cesium— 
137 in the body, one obtains the equation: 


D= (1.447 


rads 


where, D =the dose in —— 
year 


I =the intake in i of cesium-137 


40.5 rem/yr is given in FRC Report No. 1 (11) for 
whole body dose. In the case of cesium-137, the rem 
and the rad can be taken as equivalent units. 
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W =the body weight in kilograms 
11=dose conversion factor based on 
the absorption of 0.59 MeV 
per disintegration 
1.44 T, =the mean biological life in days 


where, T, =the biological half life in days. 


Where milk is the vector of interest, the in- 
fant is the critical individual in the population. 
The continuous daily intake corresponding to 
a whole body dose of 0.17 rad/yr is calculated 
to be 3,600 pCi/day, assuming the infant 
weighs 10 kg and the biological half life of 
cesium—137 is 30 days (14). 

For the purpose of evaluating population 
exposure, the daily intake of radionuclides by 
exposed population groups averaged over a 
year constitutes an appropriate criterion. 
However, in order to provide guidance to 
Federal agencies in developing appropriate con- 
trol programs, the FRC described a graded 
approach involving three ranges of transient 
rates of daily intake as determined by surveil- 
lance, applicable to different degrees of action 
as follows: 


Range I —periodic confirmatory surveillance 
as necessary ; 
Range II —quantitative surveillance and rou- 
tine control; 
Range II]I]—evaluation and 
additional control 
necessary. 


application of 
measures as 


Based on the above considerations, table 3 
presents a summary of guidelines and related 
information on environmental radiation levels 
as set forth by the FRC for the conditions 
under which RPG’s are applicable. 

In the absence of specific dietary data one 
can use milk as the indicator food item for 
routine surveillance. Assuming a 1 liter per 
day intake of milk (13, 14) one can utilize the 
graded approach of daily intake on the basis 
of radionuclide content in milk samples col- 
lected to represent general population consump- 
tion. Under these assumptions, the radionuclide 
concentrations in pCi/liter of milk can replace 
the daily radionuclide intake in pCi/day in 
the three graded ranges. 


Protective Action Guides 


The Protective Action Guide (PAG) has 
been defined by the Council as the projected 
absorbed dose to individuals in the general 
population that warrants protective action fol- 
lowing a contaminating event. A PAG pro- 
vides general guidance for the protection of 
the population against exposure by ingestion 
of contaminated foods resulting from the acci- 
dental release or the unforeseen dispersal of 
radioactive materials in the environment. A 
PAG is also based on the assumption that such 
an occurrence is an unlikely event, and cir- 
cumstances that might involve the probability 
of repetitive occurrences during a 1 or 2-year 


Table 3. Radiation Protection Guides—FRC recommendations and related information 
pertaining to environmental levels during normal peacetime operation 





RPG for 


Guidance for suitable samples of exposed population group * 





individua! 
in the 
general 
u- 


Nuclide Critical organ 


ation 
(rad/yr) 


RPG 
(rad/yr) uous (pCi’ 
ay)> 


Corre- 
sponding 
contin- 


Ran e I | Range II 


Range III 
(pCi/day)> 


(pCi/day)> 

daily 
intake 

(pCi/day) 





Strontium-89 


1 
0 
1. 
0. 
1 
0 











42,000 0-200 | 200-2,000 


oe 2 ,000—20 , 000 
ae 

4 200 0-20 20-200 

5 

1 


200-2 ,000 


100 0-10 10-100 100-1 ,000 
BT 3,600 0-360 | 360-3,600 | 3,600-36,000 

















* Suitable samples which represent the limiting conditions for this guidance are: 


Strontium-89, -90—general population; 
Iodine-131—children, 1 year of age; 
Cesium-137—infants. 


> Based on an average intake of 1 liter of milk per day. 


¢ A dose of 1.5 rad/yr to the bone is estimated to result in a dose of 0.5 rad/yr to the bone marrow. 
4 For strontium-89 and strontium-90, the Council's study indicated that there is currently no ie require- 


ment for an intake value as high as one correspondin: 
doses to the critical organ not greater than one-third t 


to the RPG. Therefore, these intake valu 
e respective RPG. 


correspond to 


¢ The guides expressed here were not given in the FRC reports, but were calculated using appropriate FRC 


recommendations. 
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period in a particular area would require 
special consideration. Protective actions are 
appropriate when the health benefits associated 
with the reduction in exposure to be achieved 
are sufficient to offset the undesirable features 
of the protective actions. 

FRC Reports 5 and 7 (13, 14) set forth 
PAG’s for the thyroid, bone marrow, and whole 
body doses from ingestion of foods contami- 
nated with radionuclides following an acute 
contaminating event. For the case of strontium— 
89, strontium—90, and cesium-137 contamina- 
tion, the Council defined three categories of 
dietary pathways in which action may be re- 
quired following an acute event as follows: 


Category 1 —transmission of radionuclides to 
man through the pasture-cow- 
milk pathway; 

Category II —transmission of radionuclides to 
man through dietary pathways 
other than the pasture-cow-milk 
pathway during the first year 
following an acute contaminat- 
ing event; 

Category III—long-term transmission of stron- 
tium—90 and cesium-137 through 
soil into plants in the years fol- 
lowing a contaminating event. 

This discussion is restricted to a consideration 

of Category I. 


In the case of iodine-131 contamination, the 
maximum concentration of iodine-131 observed 
in milk which may occur 2 to 4 days following 
an acute incident, can be used to project doses 
for comparison to the PAG for the thyroid. 
For strontium-89, strontium-90 and cesium— 
137, the total dose to the critical organ result- 
ing from contributions of all three of these 
radionuclides must be considered to determine 
whether the projected dose will exceed the 
recommended PAG for the organ of interest 
(bone marrow or whole body). 

Based on the above conditions, table 4 repre- 
sents a summary of guidelines as set forth by 
the FRC for the conditions under which PAG’s 
are applicable. Also given in table 4 are milk 
concentrations for each of the radionuclides 
considered, in the absence of the others, which 
if attained after an acute incident would re- 
sult in doses equivalent to the appropriate 
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Table 4. Protective Action Guides—FRC recommenda- 
tions and related information pertaining to 
environmental levels during an acute 
contaminating event 





Category I (pasture-cow-milk) 





Guidance for suitable sample, 
PAG for children 1 year of age 
individuals 
Critical in general 
organ population Concentration 
(rads) at maximum 
in milk for 
PAG (rads) | single nuclide 
that would 
result in PAG 
(pCi/liter) 





Radionuclides 





Strontium-89 | Bone 
marrow 


10 in first 
yr; total 
dose not 
to exceed 


3 in first yr; 
total dose 
not to ex- 


¢1,110,000 


Strontium-90 | Bone 
marrow 
Whole 
body 


¢ 51,000 


Cesium-137 © 720,000 








Iodine-131 Thyroid 470,000 











* The sum of the projected doses of these three radionuclides to the bone 
marrow should be compared to the numerical value of the respective guide. 
Total dose from strontium-89 and cesium-137 is the same as dose in 
first year; total dose from strontium-90 is 5 times strontium-90 dose in 
first year for children approximately 1 year of age. 

¢ These values represent concentrations that would result in doses to the 
bone marrow or whole body equal to the PAG, if only the single radio- 
nuclide were present. 

4 This concentration would result in the PAG dose based on intake before 
and after the date of maximum concentration observed in milk from acute 
contaminating event. A maximum of 84,000 pCi/liter would result in a 
PAG dose if that portion of intake prior to the maximum concentration in 
milk is not considered. 


PAG. These concentrations are based on a 
projection of the maximum concentration from 
an idealized model for an acute deposition and 
the pasture-cow-milk-man pathway and from 
an estimate of the intake prior to reaching the 
maximum concentration (13). Therefore, these 
maximum concentrations are intended for use 
in estimating future intake on the basis of a 
few early samples. 


Data reporting format 


Commencing with the present issue of Radio- 
logical Health Data and Reports, milk surveil- 
lance data are presented in a revised format 
integrating the various milk surveillance net- 
works. Repetitive descriptions of the individual 
network activities and long-term milk concen- 
tration trends will be discontinued, however, 
the factors necessary for interpreting current 
data will be appropriately summarized. 

Table 5 presents this revised format. Column 
1 lists all the stations which are routinely re- 
ported to Radiological Health Data and Re- 
ports. (The relationships between the PMN 
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Table 5. Concentrations of radionuclides in milk for August 1968 and 12-month period 
September 1967 through August 1968 





Radionuclide concentration 
(pCi /liter) 





Ty 
Sampling location Strontium-90 Iodine-131 Cesium-137 
sample* 





Monthly 12-month Monthly 12-month Monthly 12-month 
average> average average> average average 
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Table 5. Concentrations of radionuclides in milk for August 1968 and 12-month period 
September 1967 through August 1968—continued 





Radionuclide concentration 
(pCi/liter) 





T. 
of 


Sampling location Strontium-90 Todine-131 Cesium-137 


sample* 





| 
Monthly 12-month Monthly 12-month Monthly 12-month 
average> average | average> average average > average 


Bec * 








9(5) 
1 


Newburg 
New York City 
Syracuse 


Cincinnati ¢.......... Re PT 
Cleveland ¢ 

Oklahoma City ¢ 

Oklahoma City 

Enid 


RoOooocrnrurnwreooo 


Portland composite 
Portland local 


Philadelphia ¢ 
Pittsburgh ¢ 
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~~ 
or 
~~ 





Pittsburgh 

Providence ¢ 

| SEs ae 
Rapid City 

Chattanooga ¢ 

Memphis°¢ 

Chattanooga 
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Sowwwu 
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So 
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Salt Lake City 
Burlington 
Norfolk — 
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Moses Lake 
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Canada: 
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British Columbia: Vancouver 
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Newfoundland: St. Johns 

Nova Scotia: Halifax 

Ontario: 
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See footnotes at end of table. 
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Table 5. Concentrations of radionuclides in milk for August 1968 and 12-month period 
September 1967 through August 1968—continued 





Sampling location 


Radionuclide concentration 
(pCi /liter) 





Strontium-90 





Monthly 12-month 
average average 





Canada:—Cont. 
Re 
Quebec: 


Saskatchewan: 


Central and South America: 


Columbia: Bogota 
Chile: Santiago 





Ecuador: Guayaquil - _ - 


Jamaica: Mandeville... _- 


Venezuela: Caracas 
Canal Zone: i 








ame AOCS 











Iodine-131 


wl Cesium-137 
| 


Monthly 12-month 


Monthly 12-month 
average» average 


average > average 














. °K pasteurized milk. 


R, raw milk. 


then an individual sampling result was equal to or less than the practical reporting level, a value of “0” was used for averaging. Monthly averages 


less a the practical reportin 


the practical reporting level. 
parentheses. 


level reflect the fact that some but not all of the individual samples making up the average contained levels greater than 


hen more than one analysis was made in a monthly period, the number of samples in the monthly average is given in 


© U.S. PHS Pasteurized Milk Network Station. All other sampling locations are part of the State or national network. 


4 The 
less than th 


pci 


Michigan—14 pCi /liter 


Oregon 


—15 pCi/liter 


NA no radionuclide analysis for the month. 
NS, no sample collected for the month. 
—Radionuclide analysis not routinely performed. 


187Cs: Colorado —25 pCi/liter 
Oregon —15 pCi/liter 
New York —20 pCi/liter 
Washington—15 pCi /liter 


ractical reporting levels for these networks differ from the general ones given in the text. Individual results for these networks were equal to or 
e es Ty: practical r gee y hg levels: 
olorado — iter 


Sr: New York—3 pCi /liter 














ALASKA 














|PANAMA 
|CANAL ZONE 
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Figure 7. State and 


PHS milk sampling stations in the United States 





stations and State stations are shown in figure 
7.) The first column under each of the radio- 
nuclides reported gives the monthly average for 
the station and the number of samples analyzed 
in that month in parentheses. When an individ- 
ual sampling result is equal to or below the 
practical reporting level for the radionuclide, 
a value of 0 is used for averaging. Monthly 
averages are calculated using the above con- 
vention. Averages which are equal to or less 
than the practical reporting levels reflect the 
presence of radioactivity in some of the in- 
dividual samples greater than the practical 
reporting level. This procedure is required in 
order to have numerical monthly concentration 
estimates that reflect all samples with detect- 
able radioactivity, particularly when average 
annual intakes are developed. 

If the occasion rises when an influx of new 
contamination occurs, particularly in the case 
of iodine-131, where sampling frequencies in- 
crease and/or the range of radionuclide con- 
centration values for a month are significantly 
wider than the normal] steady-state conditions, 
a column will be added after the appropriate 
monthly averages reflecting the maximum 
value for that month. It is the transient maxi- 
mum value of radionuclide concentrations re- 
sulting from an acute contaminating event to 
which the maximum concentration given in 
table 4 [derived from the FRC protective action 
guides (PAG)] can be compared. However, 
any protective action based on these concentra- 
tions being reached will take place immediately 
on the observance of the high concentrations. 
Should such cases occur, a more complete dis- 
cussion of the events would be required and 
will be provided. 

The second column under each of the reported 
radionuclide gives the 12-month average 
for the station as calculated from preceding 
12-month averages, giving each monthly aver- 
age equal weight. Since the daily intake of 
radioactivity by exposed population groups, 
averaged over a year, constitutes an appro- 
priate criterion for the case where the FRC 
radiation protection guides (RPG’s) apply (the 
control and regulation of normal peacetime 
uses of nuclear technology), the 12-month aver- 
age serves as a basis for comparison. 
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Discussion of current data 


In table 5, surveillance results are given for 
strontium-90, iodine-131, and cesium-137 for 
August 1968 and the 12-month period, Septem- 
ber 1967—-August 1968. Except where noted 
the monthly average represents a single sample 
for the sampling station. Strontium-89 and 
barium-140 data have been omitted from table 
5, since levels at the great majority of the 
stations for August 1968 were below the re- 
spective practical reporting levels, however, 
the exceptions are shown in table 6. 

Iodine-131 results are included in the table, 
even though they were generally below prac- 
tical reporting levels. Because of the lower 
values reflected by the radiation protection 
guidance provided by the Federal Radiation 
Council (table 3), levels in milk for this radio- 
nuclide are of particular public health interest. 
In general, the practical reporting level for 
iodine-131 is numerically equal to the upper 
value of Range I (10 pCi/liter) of the FRC 
radiation protection guide. 

Strontium-90 monthly averages ranged from 
0 to 25 pCi/liter in the United States for the 
month of August 1968. The maximum 12- 
month average was 21 pCi/liter (Little Rock, 
Ark.), representing 9.5 percent of the Federal 
Radiation Council radiation protection guide 
(table 3). Cesium—137 monthly averages ranged 
from 0 to 124 pCi/liter in the United States for 
the month of August 1968. The maximum 12- 
month average was 108 pCi/liter (Central 
Florida) representing 3.3 percent of the value 
calculated in this report using the recommenda- 
tions given in the Federal Radiation Council 
reports. Of particular interest are the con- 
sistently higher cesium—-137 levels that have 
been observed in Florida (16) and Jamaica. 
Iodine-131 monthly averages were generally 
below practical reporting levels with the fol- 
lowing exceptions: 


Fla: West (State) 
Ohio: Cincinnati (PMN) 


14 pCi/liter 
3 pCi/liter 
(4 samples) 
13 pCi/liter 


7 pCi/liter 
(4 samples) 


Tenn: Knoxville (State) 


Canal Zone: 
Cristobal (PMN) _------- re 
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Table 6. Reported strontium—89 and barium-—140 concentrations in milk 





Strontium-89 


Barium-140 





Monthly 
average 
(pCi /liter) 


Sampling location 


Sampling location avera 


Monthly 
Sampling location 
(pCi/liter) 





Iowa: Des Moines (PMN) 
Columbia: Bogata (PAHO) 
Ecuador: Guayaquil (PAHO) 
Santiago: Chile (PAHO) 
Venezuela: Caracas (PAHO) 


Ariz: Phoenix ( 
Calif: 


San Di 


Fla: West (State) 








Humboldt (State) 
Los Angeles (State) 


Mendocino (State) Nev: Las Vegas (PMN) 
N. Mex: Albucaerque (PMN) 
S. Dak: Rapid Cit 
Wash: Seattle (P 
Spokane (PM. si 
Canal Sloss Cristobal (PMN) ...-. 


Santa Clara (State) 
Sonoma (State) 


Southeast (State) 
Iowa: Des Moines (PMN) 


Mont: Helena (PMN) - - - -- 
Nebr: Omaha (PMN) 


WOM WWONnmMmaAr-tr 

+4 
Seaeeeasaee 
Sesscssecsse 














* Number of samples in parentheses. 
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Food and Diet Surveillance 


Efforts are being made by various Federal 
and State agencies to estimate the dietary in- 
take of selected radionuclides on a continuing 
basis. These estimates along with the guidance 
developed by the Federal Radiation Council, 
provide a basis for evaluating the significance 
of radioactivity in foods and diet. 


Program 


Period reported 


Networks presently in operation and re- 
ported routinely include those listed below. 
These networks provide data useful for de- 
veloping estimates of nationwide dietary in- 
takes of radionuclides. Programs most recently 
reported in Radiological Health Data and Re- 
ports and not covered in this issue are as 
follows. 


Last presented 





California Diet Study 
Connecticut Standard Diet 
Institutional Diet, PHS 
Tri-City Diet, HASL 


December 1968 


July-October 1967 
January—June 1968 
January-March 1968 
April-December 1967 





May 1968 
November 1968 
October 1968 
June 1968 








SECTION If. WATER 


The Public Health Service, the Federal Water 
Pollution Control Administration and other 
Federal, State, and local agencies operate ex- 
tensive water quality sampling and analysis 
programs for surface, ground, and treated 
water. Most of these programs include deter- 
minations of gross beta and gross alpha radio- 
activity and specific radionuclides. 

Although the determination of the total 
radionuclide intake from all sources is of pri- 
mary importance, a measure of the public 
health importance of radioactivity levels in 
water can be obtained by comparison of the 
observed values with the Public Health Service 
Drinking Water Standards (1). These stand- 
ards, based on consideration of Federal Radia- 
tion Council (FRC) recommendations (2-4), 
set the limits for approval of a drinking water 
supply containing radium—226 and strontium— 
90 as 3 pCi/liter and 10 pCi/liter, respectively. 


Water sampling program 





California 

Coast Guard 

Florida 

Minnesota 

New York 

Radiostrontium in Tap Water, HASL 
Washington 
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Period reported 


Limits may be set higher if the total intake of 
radioactivity from all sources remains within 
the guides recommended by FRC for control 
action. In the known absence ' of strontium—90 
and alpha-particle emitters, the limit is 1,000 
pCi/liter gross beta radioactivity, except when 
additional analysis indicates that concentra- 
tions of radionuclides are not likely to cause 
exposures greater than the limits indicated by 
the Radiation Protection Guides. Surveillance 
data from a number of Federal and State pro- 
grams are published periodically to show cur- 
rent and long-range trends. Water sampling 
activities recently reported in Radiological 
Health Data and Reports are listed below. 


1Absence is taken to mean a negligibly small fraction 
of the specific limits of 3 pCi/liter and 10 pCi/liter for 
unidentified alpha-particle emitters and strontium-90, 
respectively. 


Last presented 





July—December 1967 
January—December 1967 
1965-1966 
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January—June 1967 

July 1966—June 1967 
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November 1968 
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October 1968 
April 1968 
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Gross Radioactivity in Surface Waters of the United States, June 1968 


Division of Pollution Surveillance 
Federal Water Pollution Control Administration 
Department of the Interior 


The monitoring of levels of radioactivity in 
surface waters of the United States was begun 
in 1957 as part of the Water Pollution Surveil- 
lance System currently operated by the Federal 
Water Pollution Control Administration. Table 
1 presents the current preliminary results of 
the aipha and beta radioanalyses. The radio- 
activity associated with dissolved solids pro- 
vides a rough indication of the levels which 
would occur in treated water, since nearly all 
suspended matter is removed by treatment 
processes. Strontium-90 results are reported 
semiannually. The stations on each river are 
arranged in the table according to their dis- 
tance from the headwaters. Figure 1 indicates 
the average total beta radioactivity in sus- 
pended-plus dissolved solids in raw water col- 
lected at each station. A description of the 


sampling and analytical procedures was pub- 
lished in the November 1968 issue of Radio- 
logical Health Data and Reports. 

Complete data and exact sampling locations 
for 1958 through 1963 are published in annual 
compilations (1-6). Data for subsequent years 
are available on request. 

Special note is taken when the alpha radio- 
activity is 15 pCi/liter or greater or when the 
beta radioactivity is 150 pCi/liter or greater. 
These arbitrary levels provide a basis for the 
selection of certain data for comment. They 
reflect no public health significance as the Pub- 
lic Health Service drinking water standards 
have already provided the basis for this assess- 
ment. Changes from or toward these arbitrary 
levels are also noted in terms of changes in 
radioactivity per unit weight of solids. A dis- 














Califomig 








Alaska 

















Figure 1. Sampling locations and associated total beta radioactivity (pCi/liter) in surface waters, June 1968 
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cussion of gross radioactivity per gram of 
solids for all stations of the Water Pollution 
Surveillance System for 1961 through 1965 has 
been presented (7). Comments gre made only 
on monthly average values. Occasional high 
values from single weekly samples may be ab- 
sorbed into a relatively low average. When 
these values are significantly high, comment 
will be made. 


The following stations showed alpha radio- 


activity on suspended or dissolved solids 
greater than 15 pCi/liter: 

Arkansas River; Coolidge, Kans. 

Big Horn River; Hardin, Mont. 

Kansas River; Desoto, Kans. 

North Platte River; Henry, Nebr. 

South Platte River; Julesburg, Colo. 

Yellowstone River; Sidney Mont. 
Sidney, Mont. on the Yellowstone River also 
showed beta radioactivity on suspended solids 
above 150 pCi/liter. 


Table 1. Radioactivity in raw surface water, June 1968 





Average alpha 
radioactivity 
(pCi /liter) 


Average beta 
radioactivity 
(pCi/liter) 
Station 





Dis- 
solved 


Sus- Total 


pended 


Dis- 
solved 


Sus- 


- 4 Total 
pen 


Average alpha 
radioactivity 
(pCi/liter) 


Average beta 
radioactivity 
(pCi/liter) 
Station 





Dis- 
solved 


Sus- Total 


pended 


Dis- 
solved 


Sus- Total 


pended 











Animas River: 
Cedar Hill, N. Mex_- 
Apalachicola River: 
Chattahoochee, Fla__ 
Arkansas River: 
Coolidge, Kans___-_- 
Ponca City, Okla-_. 
Pendleton Ferry, 
Ark. 
Atchafalaya River: 
Morgan City, La-_-_- 
Big Horn River: 
fiarain, Mont 
Big Sioux River: 
ioux Falls, S. Dak_- 
Chattahoochee River: 


ocsccr fo fF CO NS SO SO 


—— 8 


Columbus, Ga 
Clearwater River: 

Lewiston, Idaho 
Clinch River: 

Kingston, Tenn *_ __- 
Colorado River: 


_ 


~ 
onnen NS CO NK @ 


‘asco, 
McNary Dam, Ore-- 
Bonneville, Ore 
Clatskanie, Ore 
Connecticut River: 
Wilder, Vt 
Enfield Dam, Conn-- 
Coosa River: 


oor © Of SO = 
“tO Om © 


-_-oO 
- §Oo Neer © DOO CO 
— — ee 
AnNCowo 


-“- oo 
a 


Cumberland River: 
Cheatham Lock, 
Tenn_- 
Escambia River: 
Centu 
Great Lakes: 
Duluth, Minn 
Detroit, Mich 
Green River: 
Dutch John, Utah--- 
Hudson River: 
Poughkeepsie, N.Y -- 
Illinois River: 


~ 


- oso oo K 8 
osocomUcmrtmUC OCOOUUCUNlUCU 


DeSoto, Kans 
Klamath River: 

Keno, 
Merrimack River: 

Lowell, Mass 


ix) 
a 
i>] 
oe 


— 


ore OO 8f@ OS K 
is) 























Mississippi River: 
St. Paul, Minn 
E. St. Loui 
W. Memphis, Ark_-. 
New Orleans, La. -- 
Missouri River: 
Williston, N. Dak... 
Bismarck, N. Dak__- 
St. Josep 
Missouri 


enw Aaowre 


co *#e2ean YF Orn 
os 


oen OOFOS ASSO 
~ 
wo 


— 


Pend Oreille River: 
a b Falls Dam, 


Platte River: 
Plattsmouth, Nebr.__ 

Potomac River: 
Washington, D.C___- 

Rainy River: 
——— Falls, 


Red River, North: 
“——e Forks, N. 


Red River, South: 
Denison, Tex 
Rio Grande: 
Laredo, Tex. 
San Juan River: 
Shiprock, N. Mex... 
Savannah River: 
Port Wentworth, 


Ga 
sheen River: 
Berryville, Va 
Snake River: 
Ice Harbor Dam, 
Wash 


South Platte River: 
Julesburg, Colo. - 

Spokane River: 
Post Falls Dam, 


Idaho 
Willamette River: 
Portland, Ore 
Yellowstone River: 
Sidney, Mont 





Maximum 








ee “ 























* Gross beta radioactivity at this station may not be directly comparable to 
of radionuclides from an upstream nuclear facility in addition to the contribution from fallout and naturally occurring radionuclides. — 
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beta radioactivity at other stations b of the p 





contribution 


751 





REFERENCES 


(1) PUBLIC HEALTH SERVICE, DIVISION OF 
WATER SUPPLY AND POLLUTION CONTROL. 
National water quality network annual compilation 
of data, PHS Publication No. 663, 1958 Edition. 
Superintendent of Documents, U.S. Government 
Printing Office, Washington, D.C. 20402. 

(2) Ibid., 1959 Edition. 

(3) Ibid., 1960 Edition. 

(4) Ibid., 1961 Edition. 


(5) Ibid., 1962 Edition. 

(6) PUBLIC HEALTH SERVICE, DIVISION OF 
WATER SUPPLY AND POLLUTION CONTROL. 
Water pollution surveillance system, annual compila- 
tion of data, PHS Publication No. 663 (Revised), 1963 
Edition. Superintedent of Documents, U.S. Govern- 
ment Printing Office, Washington, D.C. 20402. 

(7) JULIAN, E. C. Gross radioactivity of the solids in 
selected surface waters of the United States, 1961- 
1965. Radiol Health Data Rep 9:1-15 (January 1968). 





Radioactivity in Surface Waters of the Colorado River Basin, 1967 


Colorado River Basin Water Quality Control 
Project 
Federal Water Pollution Control Administration 
Department of the Interior 


The Radium Monitoring Network is a sur- 
face water surveillance system currently con- 
sisting of 20 sampling stations located through- 
out the Colorado River basin (figure 1). During 
initial stages of the surveillance program, the 
system consisted of 27 sampling stations. The 
purpose of this network is to provide a con- 
tinuous assay of basin river water radioactivity 
resulting primarily from uranium mining and 
milling industry waste discharges. Recently, 
the types of sampke analyses were expanded 
from radium—226 and uranium to include gross 
alpha radioactivity, gross beta radioactivity, 
thorium alpha radioactivity, lead-210 and 
strontium-—90, to provide a more comprehensive 
picture of contributions of radiological con- 
taminants to surface waters of the Colorado 
River Basin by the uranium industry and by 
fallout from nuclear testing. The network was 
established following a 1957 conference on 
uranium milling wastes, attended by represen- 
tatives of the States of Arizona, Colorado, New 
Mexico, and Utah, and the U.S. Public Health 
Service. A summary of data collected through 
1966 was published in May 1968 (1). 


Sampling procedures 


Depending on individual station parameters, 
Radium Monitoring Network (RMN) samples 
are collected as either automatic or grab 
samples. Grab samples are collected once or 
three times per week and automatic samplers 
collect 21 milliliter portions every hour. The 
samples are sent as collected to the Colorado 
River Basin Water Quality Control Project 
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Laboratory where they are composited, filtered 
and analyzed for the desired radionuclides. 

Radium-226 with the lowest recommended 
maximum permissible concentration in water of 
all radionuclides, has been the radioactive con- 
taminant of greatest concern in uranium dis- 
charges. Consequently, initial and primary 
emphasis was placed on the analysis for radium 
only. In October 1963, uranium determinations 
were added. Beginning in July 1963, samples 
from selected stations were combined into 
quarterly composites for gamma-ray spectros- 
copy and analyzed for gross alpha, gross beta, 
strontium-90, thorium alpha, and lead-210 
radioactivities. Some determinations for polo- 
nium-210 were also performed. 


Analytical methods 


Water samples are composited and filtered 
through 0.45 micron-membrane filters as soon 
as possible after the samples for the composit- 
ing period are received. After filtration, 
samples are acidified with a 2 percent by volume 
12 N hydrochloric acid and radiochemical deter- 
minations are then performed on the filtered 
water. 

Radium-226 is determined by an emanation 
method (2). Lead-210 is determined by an 
iodine-dithiozone extraction method (3). Ura- 
nium is determined by a fluorometric method, 
using a sodium carbonate-potassium carbonate- 
sodium fluoride flux (4). Gross alpha and beta 
radioactivity determinations are made on dried 
dissolved solids from the waters, using appro- 
priate correction factors for self-absorption. 
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Strontium-90 is isolated by coprecipitation 
with calcium and magnesium carbonate. It is 
absorbed in an ion exchange column and the 
yttrium-90 which grows is eluted and meas- 
ured. Gross gamma-ray determinations are 
done using a sodium iodide crystal as a detector 
and a scaler as the recording device. 
Alpha-particle emitting thorium isotopes are 
determined by coprecipitation with ferric hy- 
droxide and lanthanum fluoride followed by 


extraction with thenoyltrifluoroacetone, mount- 
ing, and alpha-particle counting. 


Results 


Radium-226 and uranium concentrations 
continue to average well below recommended 
maximum concentrations at most stations. A 
summary of radium—226 and uranium deter- 
minations on RMN samples for 1967 is given 
in tables 1 and 2. During 1967, radium-—226 
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Figure 1. Colorado River Basin radium monitoring network 


December 1968 





Table 1. Radium-226 in surface waters of the Colorado River basin averages 
January-December 1967 





Concentration 


(pg/liter) 
Sampling station number and location 





Yearly 
July aver- 
age 





Animas River: 
#11 above Durango, Colo 
#12 Colo.-N. Mex. State line 


Colorado River: 
#1 at Silt, Colo 
#4 at De Beque, Colo 
#6 at Fruita, C 
#9 above Moab, Utah 
#10 below Moab, Utah 
#31 at Page, Ariz 
#32 Lake Mead, Nev 
#33 Lake Havasu, Calif 
#30 at Yuma, Ariz 


Dolores River: 
#21 at Bedrock, Colo 
#26 at Gateway, Colo 


Gunnison River: 
#5 at Grand Junction, Colo 


San Juan River: 
#14 below Farmington, N. Mex 
#15 above Mexican Hat, Utah 
#16 below Mexican Hat, Utah 


San Miguel River: 
#17 above Naturita, Colo ‘ P , , 
#18 above Uravan, Colo__.........- Sf .09 .15 ‘ . ll a ; in : .08 .06 
#20 below Uravan, Colo 1.80(4)/3.15(4)|/1.10(5)| . : 2.01(5)| .42 ; ‘ ; 2.42(5)|4.15(4) 












































NS, no sample. 
Number in parentheses indicates number of samples. 


Table 2. Uranium in surface waters of the Colorado River basin averages 
January-December 1967 





Concentration 


(pg/liter) 
Sampling station number and location 





July 





Animas River: 
#11 above Durango, Colo 
#12 Colo.-N. Mex. State line 


Colorado River: 
#1 at Silt, Colo 
#4 at De Beque, Colo 
#6 at Fruita, Colo 
#9 above Moab, Utah 
#10 below Moab, Utah... 
#31 at Page, i 
#32 Lake Mead, Nev_-_- 
#33 Lake Havasu, Calif 
#30 at Yuma, Ariz 


ne 
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Dolores River: 


= 
on 


Gunnison River: 
#5 at Grand Junction, Colo 


San Juan River: 
#14 below Farmington, N. Mex 
#15 above Mexican Hat, Utah 
#16 below Mexican Hat, Utah 


San Miguel River: 
#17 above Naturita, Colo .7 .0 3. a. 7 . 2.0 
#18 above Uravan, Colo a .0 3.7 ‘ J 7 2. 4.5 
#20 below Uravan, Colo .6(4)| 8.4(4)/12. : E R ‘ (4) 27.6 (4)| 












































NS, no sample. 
Number in parentheses indicates number of samples. 
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and uranium concentrations remained low be- 
cause of the shutdown of the Durango, Colo., 
uranium mill in 1963. 

Samples taken in the Colorado River at 
Moab, Utah, contained the most elevated 
radium-—226 and uranium concentrations. The 
only radium-226 samples having an excess of 
1.0 picogram per liter in the Colorado River 
were taken below Moab, Utah. The mean an- 
nual concentration of radium-226 was 0.93 
picograms per liter from 0.39 for the previous 
year at Moab, Utah. The concentrations of 
radium-226 in the Colorado River at Page, 
Ariz., Lake Mead, Lake Havasu, and the U.S.- 
Mexican border showed either no significant 
change or slightly lower values. 

Elevated radium and uranium concentrations 
in the Dolores River at Gateway, Colo., are 
attributed primarily to waste discharges from 
the mill at Urvan, Colo. Only the stations at 
Gateway and below Urvan, Colo., had annual 
radium averages above 1.0 picogram per liter. 
The mean annual concentration of radium-—226 
below Urvan, Colo., was down to 1.57 pico- 


December 1968 


grams per liter from 1.92 for the previous 
year. The mean annual concentrations of 
uranium at Gateway and below Urvan, Colo., 
decreased 2.6 micograms and 6.7 from the pre- 
vious year respectively. The maximum concen- 
tration of uranium was 55 »g/liter detected in 
a sample from the Miguel River below Urvan, 
Colo. 
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SECTION Ill. AIR AND DEPOSITION 


Radioactivity in Airborne Particulates and Precipitation 


Continuous surveillance of radioactivity in 
air and precipitation provides one of the earli- 
est indications of changes in environmental 
fission product radioactivity. To date, this sur- 
veillance has been confined chiefly to gross 
beta-radioanalysis. Although such data are in- 
sufficient to assess total human radiation ex- 
posure from fallout, they can be used to deter- 
mine when to modify monitoring in other 
phases of the environment. 

Surveillance data from a number of pro- 
grams are published monthly and summarized 
periodically to show current and long-range 
trends of atmospheric radioactivity in the 


Network 
HASL Fallout Network 


July—December 1967 


Western Hemisphere. These include data from 
activities of the U.S. Public Health Service, the 
Canadian Department of National Health and 
Welfare, the Mexican Commission of Nuclear 
Energy, and the Pan American Health Organi- 
zatton. 

An intercomparison of the above networks 
was performed by Lockhart and Patterson in 
1962 and is summarized in the January 1964 
issue of Radiological Health Data. In addition 
to those programs presented in this issue, the 
following program was previously covered 
in Radiological Health Data and Reports. 


Period Issue 


September 1968 


Radiological Health Data and Reports 





1. Radiation Alert Network 
August 1968 


National Center for Radiological Health 
U.S. Public Health Service 


Surveillance of atmospheric radioactivity in 
the United States is conducted by the Radiation 
Alert Network (RAN) which regularly gathers 
samples at 73 locations distributed throughout 
the country (figure 1). Most of the stations 
are operated by State health department 
personnel. 

The station operators perform “field esti- 
mates” on the airborne particulate samples at 
5 hours after collection, when most of the 
radon daughter products have decayed, and at 
29 hours after collection, when most of the 
thoron daughter products have decayed. They 
also perform field estimates on dried precipita- 
tion samples and report all results to appro- 
priate National Center for Radiological Health 


officials by mail or telephone depending on 
levels found. Compilation of the daily field 
estimates is reported elsewhere on a monthly 
basis (1). A detailed description of the sam- 
pling and analytical procedures was presented 
in the April 1968 issue of Radiological Health 
Data and Reports. 

Table 1 presents the monthly average gross 
beta radioactivity in surface air particulates 
and deposition by precipitation, as measured by 
the field estimate technique, during August 
1968. Time profiles of gross beta radioactivity 
in air for eight Radiation Alert Network sta- 
tions are shown in figure 2. 

All field estimates reported were within 
normal limits for the reporting station. 
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Figure 1. Radiation Alert Network sampling stations 


December 1968 








Table 1. Gross beta radioactivity in surface air and precipitation, August 1968 





Number Air surveillance gross beta Precipitation 
of radioactivity 
samples (pCi/m!) 





Number Field estimation of depotsition 
Station location 








o 
samples 


Number Depth Total 
of (mm) deposition 
samples (nCi/m*) 


Maximum | Minimum | Average* 
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* The monthly average is calculated by weighting the field estimates of individual air samples with lengtn of sampling period. 
> Indicates no report : eceived (Air samples received without field estimate data are not considered by the data program. 

¢ No precipitation sample collected. 

4 This station is part of the plutonium in precipitation network. No gross beta measurements are done. 

* Samples were collected but no field estimates were received. 
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Figure 2. Monthly and yearly profiles of beta radioactivity in air—Radiation Alert Network, 1962-January 1968 


December 1968 





2. Canadian Air and Precipitation 
Monitoring Program, August 1968 


Radiation Protection Division 
Department of National Health and Welfare 


The Radiation Protection Division of the 
Canadian Department of National Health and 
Welfare monitors surface air and precipitation 
in connection with its Radioactive Fallout Study 
Program. Twenty-four collection stations are 
located at airports (figure 3), where the sam- 
pling equipment is operated by personnel from 
the Meterological Services Branch of the De- 
partment of Transport. Detailed discussions of 
the sampling procedures, methods of analysis, 
and interpretation of results of the radioactive 
fallout program are contained in reports of the 
Department of National Health and Welfare 
(1-5). 

A summary of the sampling procedures and 
methods of analysis was presented in the April 
1968 issue of Radiological Health Data and 
Reports. 

Surface air and precipitation data for August 
1968 are presented in table 2. 


1 Prepared from information and data in the Sep- 
tember 1968 monthly report “Data from Radiation Pro- 
tection Program,” Canadian Department of National 
Health and Welfare, Ottawa, Canada. 
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Figure 3. Canadian air and precipitation 
sampling stations 


Table 2. Canadian gross beta radioactivity in surface 
air and precipitation, August 1968 





Air surveillance gross 
beta radioactivity 
(pCi/m') 


Precipitation 
measurements 





Station Average 
con- 
centra- 
sone 
(pCi 
liter) 
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NS, no sample. 
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3. Pan American Air Sampling Program 
August 1968 


Pan American Health Organization and 
U.S. Public Health Service 


Gross beta radioactivity in air is monitored 
by countries in the Americas under the auspices 
of the collaborative program developed by the 
Pan American Health Organization (PAHO) 
and the U.S. Public Health Service (PHS) to 
assist PAHO-member countries in developing 
radiological health programs. 

The air sampling locations are shown in 
figure 5. Analytical techniques were described 
in the January 1968 Radiological Health Data 
and Reports. The August 1968 air monitoring 


Table 4. Summary of gross beta radioactivity in 
Pan American surface air, August 1968 





Gross beta 
radioactivity 
(pCi/m') 
Station location 








Argentina: Buenos Aires 
Bolivia: La Paz 

Chile: Santiago - - 
Colombia: Bogata 
Ecuador: Guayaquil 
Guyana: Georgetown 
Jamaica: Kingston 
Peru: Li 

Venezuela: 




















* The monthly average is calculated by weighting the individual samples 
with —- of sampling period. Values less than 0.005 pCi/m! are reported 
and u in averaging as 0.00 pCi/m*. 


results from the participating countries are 
given in table 4. A noticeable increase in the 
monthly average concentration of gross beta 
radioactivity occurred in all of the countries, 
and fresh fission products were identified by 
gamma spectroscopy in several samples. 
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Figure 5.-- PAN AMERICAN AIR SAMPLING PROGRAM STATIONS 


Figure 5. Pan American Air Sampling Program stations 





5. Plutonium in Airborne Particulates and 
Precipitation, July-December 1967 


National Center for Radiological Health 
U.S. Public Health Service 


The Radiation Alert Network (RAN) of the 
National Center for Radiological Health, Public 
Health Service, reutinely analyzes airborne 
particulate and precipitation samples from 
selected RAN stations for plutonium. The air- 
borne particulate and precipitation analyses 
were initiated in November 1965 and August 
1966, respectively, and the results through June 
1967 have been previously reported (1-7). 


December 1968 


Air filters from 11 RAN stations are analyzed 
for plutonium. A monthly composite is made 
of one-half of each individual air filter from 
each of the 11 stations and sent to the PHS 
Northeastern Radiological Health Laboratory 
(NERHL) for analysis. Eight RAN stations 
submit complete collections of precipitation for 
plutonium analysis. An 8 liter (or whatever 
is available) aliquot of the monthly collection 
for each of the 8 stations is forwarded to the 
NERHL for analysis. 

Beginning with the August 1967 samples, the 
air filters and precipitation samples have been 
analyzed at the NERHL for plutonium—238 and 
plutonium-—239. The air filters are dry-ashed 


761 





at 500°C. The ash is treated with nitric hydro- 
fluoric and perchloric acids to volatilize silica, 
destroy any remaining organic matter and 
solubilize the sample. Precipitation samples are 
filtered through an 0.45 micron membrane paper 
to remove suspended solids and the solution is 
evaporated to a small volume. Suspended solids 
are subject to the same acid treatment as de- 
scribed for the air filter samples and then com- 
bined with the evaporated precipitation. 
Plutonium-236 tracer is added to the samples, 
the plutonium reduced to the +3 oxidation 
state with hydroxylamine hydrochloride and 
coprecipitated with lanthanum fluoride. The 
lanthanum fluoride is converted to lanthanum 
hydroxide, dissolved in 7.2 M nitric acid and 
the plutonium oxidized to the +4 oxidation 
state with sodium nitrite. The solutions are 
then passed over an anion exchange resin in 
the nitrate form. The resin is washed with 
additional 7.2 M nitric acid and then with 9 M 
hydrochloric acid. The plutonium is eluted 
from the resin with a mixture of 0.36 M hydro- 
chloric acid and 0.01 M hydrofluoric acid, elec- 
troplated onto a stainless-steel planchet from a 
sulfuric acid-ammonium sulfate electrolyte, and 
counted in an alpha-particle spectrometer. 

The energies of the alpha particles from 
plutonium-239 and plutonium-240 are not 
sufficiently different to be separated by alpha- 
particle spectrometry. Consequently, the re- 
ported plutonium—239 activities represent the 
sum of the activities of plutonium-239 and 
plutonium-—240. 

The samples are usually counted for at least 
1,000 minutes. Reagent blanks containing 
plutonium-236 tracer are run concurrently 
with the samples. A silicon surface barrier 
detector with an active area of 4.5 cm? is used. 
With the sample electroplated onto a 3.1 cm? 
area, the counting efficiency is 31 percent and 
the resolution 75 keV (full width half 
maximum). 

The alpha particle activity of plutonium—238 
and plutonium-—239 is converted to picocuries 
of the radionuclide per sample from the follow- 
ing equation: 


(A—B) C 


238Py (or 239Pu) = “(D—E)_ 


238Py (or 2°Pu) = pCi per sample 
of plutonium-238 (or plutoniun-239) 


where, 

A = gross counts per minute (CPM) in 
plutonium-238 (or  plutonium-239) 
spectral region, 

B = reagent blank CPM in plutonium-—238 
(or plutonium-—239) spectral region, 

C = pCi plutonium-236 added, 

D = gross CPM in plutonium-236 spectral 
region, 

and, 

E = background CPM 

spectral region. 
Using these procedures, the minimum detect- 
able activities for plutonium-—238 and pluto- 
nium-239 are .020 pCi per sample and .015 
pCi sample, respectively. 

Prior to August 1967, the air filters and 
precipitation samples were analyzed for total 
plutonium at RAN headquarters in Rockville, 
Md. The analytical methodology for processing 
these samples has been described in earlier 
reports (1, 6). 

The results for July through December 1967 
are presented in tables 5 and 6. ND (not de- 
tectable) has been used to indicate samples 
containing plutonium—238 or plutonium—239 
activities less than or equal to the appropriate 
minimum detectable activities. Sample size 
varies, generally ranging from 20,000 to 30,000 
cubic meters of air for the air filter samples, 
and from 2 to 8 liters for the precipitation 
samples. 


in plutonium—236 
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Table 5. Plutonium in airborne particulates, July-November 1967 





Buffalo | Gastonia | Rockville| Pierre New Austin | Denver |Anchorage Honolulu 
Orleans 











Ci/m*) 
| RT 
September. _____- 
October - - - 
November. - - - 

Plutonium-239: 

(f{Ci/m) 
A 
September. imien 
Senna 






































NA, no analysis. 
ND, nondetectable. 


Table 6. Plutonium in precipitation, July-December 





| Gastonia Rockville Pierre New Orleans Austin Honolulu Seattle 





Precipitation depth: 
(mm) 


September 
October 


Concentration 
(pCi /liter) 
Total plutonium: 


Septem ber 
October 


September 
October- 
November 


September 
October 


August 
September 
October. -... 





























* The basic finding is the concentration (pCi/liter). This figure is multiplied by the depth of precipitation for the month (mm) to obtain the total deposi- 
tion (pCi/m?*). One liter of water is collected when one mm of precipitation falls on one square meter. 
A, no analysis. 
ND, not detectable (see text). 
NS, no sample. 


(4) NATIONAL CENTER FOR RADIOLOGICAL (6) LEVINE, H., W. P. KIRK, H. J. L. RECHEN. 
HEALTH. Plutonium in airborne particulates, Octo- Plutonium and strontium-90 in precipitation, August 
ber—December 1966. Radiol Health Data Rep 8:288- 1966 through March 1967. Radiol Health Data Pp 
289 (May 1967). 8:574-576 (October 1967). 

(7) NATIONAL CENTER FOR RADIOLOGICAL 

(5) NATIONAL CENTER FOR RADIOLOGICAL HEALTH. Plutonium in airborne particulates and 
HEALTH. Plutonium in airborne particulates, Janu- precipitation and _ strontium-90 in precipitation, 
ary—March 1967. Radiol Health Data Rep 8:534 April-June 1967. Radiol Health Data Rep 8:662-663 
(September 1967). (November 1967). 
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SECTION IV. OTHER DATA 


This section presents results from routine 
sampling of biological materials and other 
media not reported in the previous sections. 
Included here are such data as those obtained 


from human bone sampling, bovine thyroid 
sampling, Alaskan surveillance and environ- 
mental monitoring around nuclear facilities. 





Radionuclides in Alaskan Caribou and Reindeer March—May 1968 


National Center for Radiological Health 
U.S. Public Health Service 


Under a cooperative agreement between the 
Alaskan Department of Health and Welfare, 
the Alaskan Department of Fish and Game, 
and the U.S. Public Health Service, an active 
program of caribou and reindeer sampling and 
analysis was undertaken in 1963 to aid in the 
assessment of radionuclide intake of Alaskan 
residents. This joint sampling activity was con- 
tinued based on the results of a limited sam- 
pling effort conducted by these groups in 1962. 


Through the second quarter of 1964, the 
sampling was confined to the three principal 
caribou herds and one privately-owned reindeer 
herd. This program was expanded in Septem- 
ber 1964, when the sampling of additional pri- 
vately-owned and government-owned reindeer 
herds was begun through the assistance of the 
Fish and Wildlife Service and the Bureau of 
Indian Affairs, Department of Interior. 

Figure 1 shows the locations of the caribou 
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c-1 Arctic Herd 250,000 
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REINDEER HERDS 


Name Approx. Number 
Shishmaref 2,600 


Nunivak 13,000 
Nome 800 






































Figure 1. Locations of caribou and reindeer herds sampled in Alaska 


Radiological Health Data and Reports 





Table 1. 


Radionuclide concentrations in muscle and rumen of Alaskan caribou and 


reindeer, March-May 1968 





Collec- 
Herd and sampling locations * tion 
date, 
1968 


Rumen 
(pCi/k 
wet weight) 


Muscle 
(pCi/kg wet weight) 





Sr> Cs 131Cg 





Arctic caribou herd Anaktuvuk Pass, C-1_ 


Nelchina caribou herd Dickey Lake, C-2- 


Peninsula caribou herd King Salmon, C-3- 


Shishmaref reindeer herd, Seward Penin- 


sula, R-4. 


Nunivak Island reindeer herd, R-8 


Nome reindeer herd, R-10 
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* Sampling locations are shown in figure 1. 

>’ Composite of individual samples taken within herd. 
¢ All results <5 pCi/kg wet weight are reported as 0. 
4 Ages not available. 


and reindeer herds in Alaska that were sampled 
in the spring of 1968. 

For the present program, samples are taken 
in the spring and fall from selected caribou and 
reindeer herds. Samples of muscle and rumen 
contents of five animals from each herd are 
collected during the sampling period. Hock 
joint bones from five animals are collected 
only from the Nome herd during the fall col- 
lection period. Muscle samples are analyzed 
individually and rumen content samples from 
each herd are composited before analysis for 
cesium-137 by gamma-ray spectroscopy. Muscle 
and bone samples from the individual herd 
are composited before analysis of strontium— 
89 and strontium-90. All samples are analyzed 
at the Public Health Service’s Southwestern 
Radiological Health Laboratory in Las Vegas, 
Nev. 

Strontinm-89, strontium-90, and cesium-137 
data are presented in table 1 for caribou 
muscle, reindeer muscle and rumen contents 
for the March—May 1968 collection period. The 
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muscle data are of prime interest, since muscle 
is an important constituent of the diet for many 
Alaskan residents. A comparison of the muscle 
data is shown in table 2. 


Table 2. Cesium-137 concentrations in caribou and 
reindeer muscle, spring 1967 and 1968 





Average cesium-137 concentration 
(pCi/kg wet weight) 





Spring 1967 Spring 1968 





Arctic caribou 


(May) 
Nelchina caribou - - 


(March) 
Peninsula caribou (April 
Shishmaref reindeer (May) 
Nunivak reindeer _- (April) 
Nome reindeer (April) 


(April) 
(May) 
(March) 
(April) 
(April) 
(May) 











As can be seen in table 1, the cesium-137 
range in muscle of individual samples within 
individual herds is quite large. For this reason 
it is very difficult to establish a definite trend. 
Table 2 does indicate that the cesium—137 levels 
in muscle during the spring of 1968 did not 
increase as compared to similar data in the 
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spring of 1967. A summary of the strontium- 
90 and cesium-—137 concentrations in foodstuffs 
in Alaska (including reindeer and caribou 
meat) is contained in the December 1966 issue 
of Radiological Health Data and Reports. 


Recent coverages in Radiological Health Data and 
Reports: 


Period 


October-November 1966 
March—May 1967 
August—October 1967 


Issue 

May 1966 
January 1968 
June 1968 





Environmental Levels of Radioactivity at 


Installations 


The U.S. Atomic Energy Commission re- 
ceives from its contractors semiannual reports 
on the environmental] levels of radioactivity in 
the vicinity of major AEC installations. The 
reports include data from routine monitoring 
programs where operations are of such a nature 
that plant environmental surveys are required. 

Releases of radioactive materials from AEC 
installations are governed by radiation stand- 


Atomic Energy Commission 


ards set forth by AEC’s Division of Opera- 
tional Safety in directives published in the 
AEC Manual. ' 

Summaries of data from the environmental 
radioactivity monitoring reports follow for the 
Atomics International and the Paducah Plant. 


1 Title 10, Code of Federal Regulations, Part 20, 
“Standards for Protection Against Radiation,” contains 
essentially the standards published in Chapter 0524 of 
the AEC Manual. 





1. Atomics International 2 
January-June 1968 


North American Rockwell Corporation 
Canoga Park, California 


Atomics International, a division of North 
American Aviation, Incorporated, has been en- 
gaged in atomic energy research and develop- 
ment since 1946. The company designs, de- 
velops, and constructs nuclear reactors for 
central station and compact power plants and 
for medical, industrial, and scientific applica- 
tions. 

The company headquarters is located in 
Canoga Park, California, approximately 23 
miles northwest of downtown Los Angeles. The 
290-acre Nuclear Development Field Labora- 
tory (Santa Susana Facility), equipped with 
extensive testing facilities for the support of 
advanced nuclear studies, is in Ventura County 
in the Simi Hills approximately 29 miles north- 
west of downtown Los Angeles. The location 
of the above sites in relation to nearby com- 
munities is shown in figure 1. 


2Summarized from “Environmental Monitoring, 
semiannual report, January 1 to June 30, 1968” Atomics 
International, Division of North American Rockwell 
Corporation. 
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The basic concept of radiological hazard con- 
trol at Atomics International encourages total 
containment of radioactive materials and, 
through rigid operational controls, minimizes 
effluent releases and external radiation levels. 
The environmental monitoring program pro- 
vides a check on the effectiveness of radio- 
logical safety procedures and of engineering 
safeguards incorporated into facility design. 
_ The environs of Atomics International head- 
quarters and Nuclear Development Field 
Laboratory (NDFL) are surveyed monthly to 
determine the concentration of radioactivity in 
typical surface soil, vegetation, and water 
samples. In addition, continuous environmental 
air monitoring at the sites provides information 
concerning airborne particulate radioactivity. 


Air monitoring 


Environmental air sampling is conducted 
continuously at the headquarters and NDFL 
sites with automatic air samplers operating on 
24-hour sampling cycles. Airborne particulate 
radioactivity is collected on HV-70 filter paper 
which is automatically changed at the end of 
each sampling period. The filter is removed 
from the sampler and counted after the radio- 
activity is allowed to decay for at least 72 hours. 
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Figure 1. Atomics International facilities and vicinity 


The volume of a typical daily environmental air 
sample is approximately 20 cubic meters. The 
average concentration of long-lived beta- 
gamma radioactivity on airborne particulates is 
presented in table 1 for 1967 and the first half 
of 1968. 


Table 1. Beta-gamma radioactivity of airborne 
particulates, Atomics International 





January-June 1968 


Location 
Average 

| concentration 

| (pCi/m') 


Average 
concentration 
(pCi/m'*) 








Headquarters __--. Q 0.48 
N 40 ’ 47 











Water monitoring 


Process water used at the NDFL is obtained 
from Ventura County Water District No. 10 
and distributed onsite by the same piping sys- 
tem previously used when process water was 
supplied by onsite wells. Pressure is provided 
by elevated storage tanks, one 50,000-gallon and 
one 500,000-gallon tank onsite. While clini- 
cally potable, the water is not used for drink- 
ing. Bottled potable water is delivered by a 
vendor and is not analyzed. Water from the 
pipe system is sampled monthly at two loca- 
tions. The average process water radioactivity 
concentration is presented in table 2. 
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Table 2. Well water radioactivity, NDFL site 
Atomics International 





1967 January-June 1968 


Type of | 
radioactivity 





Average 
concentration 
(pCi /liter) 


Average 
concentration 
(pCi/liter) 


Number 
of 


samples 





0.12 
6.1 











Water samples are also collected monthly at 
Chatsworth Reservoir which is operated by 
the Los Angeles City Department of Water and 
Power. Normally, one water sample is ob- 
tained from the lake surface and a second 
sample is obtained from the reservoir water 
supply inlet located on the north side of the 
lake. The average radioactivity for both sur- 
face and supply water samples is presented in 
table 3. 


Table 3. Chatsworth Reservoir water radioactivity 
Atomics International 





1967 January-June 1968 


Type of 


‘ Average Average 
radioactivity 


Number | concen- | Number | concen- 
of tration of tration 

samples | (pCi samples | (pCi/ 

liter) liter) 





Lake surface. __- 
Beta-gamma. - - 

Supply inlet... _- Alpha 

Beta-gamma..-- 























Surface discharged waters from NDFL facili- 
ties drain into holding reservoirs on adjacent 
property. When full, the main reservoir is 
drained into Bell Creek, a tributary of the Los 
Angeles River in the San Fernando Valley, 
Los Angeles County. Pursuant to the require- 
ments of Los Angeles Regional Water Quality 
Control Board Resolution 66-49 of September 
21, 1966, an environmental sampling station 
has been established in Bell Creek Canyon 
approximately 3.4 miles downstream from the 
south NARC boundary. Samples obtained and 
analyzed monthly, include stream bed mud, 
vegetation, and water. Average radioactivity 
concentrations in the main holding reservoir 
and Bell Creek samples are presented in table 
4. 


Table 4. Radioactivity in the Rocketdyne Reservoir * and 
Bell Creek, Atomics International, January-June 1968 


T 
Sample description Number| Alpha Beta 

(units) of radio- radio- 
samples | activity | activity 








Reservoir Station 6 * (pCi/liter) 

Reservoir Station 12* (pCi/liter).......--. 
Bell Creek mud (pCi/g) 

Bell Creek vegetation (pCi/g ash) 

Bell Creek water (pCi/liter) 














* Locations not shown on figure 1. 


Soil and vegetation monitoring 


Soil and vegetation are regularly sampled at 
24 locations. Twelve sampling stations are 
located within the boundaries of Atomics Inter- 
national’s sites and are referred to as “onsite” 
stations. The remaining 12 stations, located 
within a 10-mile radius of the sites, are re- 
ferred to as “offsite” stations. 

Surface soil types available for sampling 
range from decomposed granite to clay and 
loam. Samples are taken from the top half- 
inch layer of ground surface. The soil samples 


Table 5. Radioactivity in the soil, Atomics International 





1967 January-June 1968 





Type of 
radioactivity 


Number | Average | Number | Average 


concen- of concen- 
tration | samples | tration 
(pCi/g) (pCi/g) 





Onsite p 0.41 0.47 
Beta-gamma_-_-_ 28 25 
Offsite Alpha 8 .38 50 
Beta-gamma..-- 24 25 

















are packaged and sealed in plastic containers 
and returned to the laboratory for analysis. 
Radioactivity in soil samples is presented in 
table 5. 

Vegetation samples obtained in the field are 
of the same plant type wherever possible, gen- 
erally, sunflower or wild tobacco plant leaves. 
These types maintain a more active growth 
rate during the dry season than do most natural 
vegetation indigenous to the local area. Vegeta- 
tion leaves are stripped from plants and trans- 
ferred to the laboratory for analysis. Plant 
root systems are not routinely sampled. Radio- 
activity in vegetation samples is presented in 
table 6. 


Table 6. Radioactivity in vegetation, Atomics 
International 





| | 
| 


| 

Type of | | saieaell 

radioactivity | Number| concen- | Number | concen- 

of tration | of | tration 

samples | (pCi/g | samples | (pCi/g 
| ash) | ash) 





Onsite Alpha | 0.61 | 72 | 0.55 

Beta-gamma_ 286 72 177 

Offsite..........| Alpha : | 38 24 
Beta-gamma__- 413 | 24 | 273 
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Recent coverage in Radiological Health Data and 
Reports: 
Period 


January-June 1967 
July—December 1967 


Issue 


March 1968 
June 1968 
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2. Paducah Plant * 
January-June 1968 


Union Carbide Corporation 
Paducah, Kentucky 


The Paducah Plant is a government-owned 
gaseous diffusion plant operated by the Nu- 
clear Division of the Union Carbide Corpora- 
tion for the Atomic Energy Commission. The 
diffusion plant processes large quantities of 
reiatively pure uranium compounds. The 
uranium hexafluoride manufacturing plant, a 
former source of diffusion plant feed, was 
placed on standby in June of 1964. Parts of 
the associated uranium metal foundry, usually 
on standby, are operated infrequently as the 
need arises. A decontamination and uranium 
recovery facility operates to prepere equip- 
ment for repair and to recover impure or scrap 
uranium materials. Depleted uranium metal 
is fabricated into shields, weights, ballasts, or 
other shapes on a nonroutine basis. The major 
sources of external penetrating radiation are 
the daughter products of uranium, thorium- 
234, and protactinium—234, which may be con- 
centrated by uranium recovery processes or by 
uranium hexafluoride vaporization. The ele- 
ment, uranium can be a physiological hazard 
only if allowed to enter the body. The chem- 


’ Summarized from “Environmental Concentrations 
of Radioactive Materials Near the Paducah Plant— 
Report for the First Half of 1968.” 


ical toxicity of the uranium processed at the 
Paducah Plant overshadows any probable bio- 
logical effects of radiation from this element, 
thus making it comparable as a physiological 
hazard to lead, mercury, or other well-known 
heavy metals. 

Because of the necessity for health protec- 
tion in process areas, the high intrinsic value 
of uranium, and the desire to maintain a whole- 
some relationship with neighboring communi- 
ties and individuals, the Paducah Plant pro- 
vides confinement and recovery systems at the 
plant. The environmental monitoring program 
provides for continuously sampling the air at 
four stations around the plant perimeter fence, 
and at five stations located approximately 1 
mile outside this fence (figure 2). Big Bayou 
Creek water is sampled continuously, and grab 
samples are collected at five locations in the 
Ohio River. In addition, gamma radiation read- 
ings are taken each month at each of the air 
sampling stations with a Geiger-Mueller type 
meter at a distance of 3 feet above ground level. 


Basic standards 


The radiation protection standards observed 
at the Paducah Plant for exposure to radiation 
and radioactive materials, both for the in-plant 
work environment of employees and for offsite 
exposure of the general population, are those 
contained in Appendix 0524 of the AEC man- 
ual. 
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Figure 2. Sampling locations, Paducah Plant 


December 1968 





The standards specify that the radiation or 
radioactive materials outside a controlled area, 
and which have resulted from operations with- 
in that controlled area, shall be such that it is 
improbable that any individual may receive a 
dose of external radiation greater than 0.5 rem 
in any year and that the average exposure of a 
suitable population sample may not exceed one- 
third of this dose. To meet this standard, the 
average concentration of radionuclides in air 
or water beyond a controlled area should not 
exceed one-tenth of the maximum permitted 
for occupational exposure of 168 hours per 
week. For the purposes of such control, the 
concentrations of such radionuclides in air or 
water: may be averaged over periods of time 
up to 1 year. 


Discussion 


Data summarizing the environmental con- 
centrations of radioactive materials in air and 
water and the gamma radiation levels in the 
vicinity of the Paducah Gaseous Diffusion Plant 
are presented in tables 7 through 10. 

Air samples were collected continuously at 
each of the four stations at the plant perim- 
eter fence and at five stations about 1 mile 
outside the plant. Air is filtered at 0.8 cfm 
through 2-inch diameter membrane filters 
which are replaced weekly and counted for 
alpha and beta radioactivity. 

The average alpha-particle count—inter- 
preted as uranium, the most likely source of 
radioactivity—of the 234 air samples collected 
during the first half of 1968 was less than 1 
percent of the AEC standard set for individ- 
uals residing in the vicinity of a controlled area. 
The average beta-particle count of the same 
samples was 0.02 percent of the standard. 

The average uranium analyses of weekly 
water samples collected continuously from the 
Big Bayou Creek during the first half of 1968 
was 0.02 percent of the AEC standard for 
water beyond a controlled area. The results 
of the uranium analyses for each of the 6 grab 
samples collected at monthly intervals from 
the Ohio River below the plant, were less than 
0.01 percent of the AEC standard. 

The concentration of beta-particle emitters 
in the Big Bayou Creek averaged less than 0.5 
percent of the AEC standard for the decay 


770 


products of uranium-—238. The beta radioac- 
tivity of the Ohio River was less than 0.5 per- 
cent of the standard for uranium-238 decay 
products. 

External gamma radiation in the vicinity 
of the Paducah Plant averaged 0.02 mR/hr at 
all sampling stations for January—June 1968. 


Recent coverage in Radiological Health Data and Re- 
ports: 


Period Issue 
January—June 1967 


January 1968 
July—December 1967 


May 1968 


Table 7. Uranium concentrations in outdoor air samples 
Paducah Plant, January-June 1968 





Uranium alpha radioactivity > 
Number Ci/m?* 
Sample location * of 
samples 





Maximum |tinimum e 


Mean 4 





At plant perimeter fence: 
North 


About 1 mile outside plant 
perimeter fence: 





<0.02 











* See map in figure 1. 

> As defined in NBS Handbook 69, paragraph 3.2, a microcurie of 
recently extracted normal uranium corresponds to 7.57 X10‘ alpha dis/sec. 

PA. minimum detectable concentration of uranium in air is 0.02 
pCi/m*. 

4 The AEC standard for natural uranium in air released to the environs 
beyond a controlled area is 2 pCi/m‘. 


Table 8. Beta radioactivity in outdoor air samples 
Paducah Plant, January-June 1968 


| 
| Beta radioactivity 
| Number (pCi/m) 
Sample location * | of 
| 








samples | | 
| Maximum |Minimum > 





At plant perimeter fence: 
Nort , | 


| 


About 1 mile outside plant 
perimeter fence: 


Southeast 











* See map in figure 1. ' A 

b 7 minimum detectable amount of beta-particle emitters in air is 
0.1 pCi/m*. 

¢ The AEC standard, a to this table is 1 X10 pCi/m!', which is 
the concentration limit of thorium-234, the daughter product of uranium- 
238. Insignificant amounts of other daughters are present in freshly refined 
uranium. 
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Table 9. Concentrations of uranium in water 
Paducah Plant, January-June 1968 


Table 10. Concentration of beta-particle emitters in 
water, Paducah Plant, January-June 1968 





Uranium > 


ar es (pCi/liter) 
rs) 





Sample location * 
samples 
Minimum ° 


Beta-particle emitters 
ae aad (pCi/liter) 
o! 





Sample location * 
samples 


Maximum |Minimum>) Mean* 





Bayou Creek 3 26 <1 
Ohio River 6 <i 


6 <1 














Big Bayou Creek 3 26 200 <100 
Ri 6 


<100 
Ohio River 9 400 <100 100 


6 <100 <100 <100 











* See map in figure 1. 

> As defined in NBS Handbook 69, paragraph 3.2, a microcurie of recently 
extracted normal uranium corresponds to 7.57 X10* dis/sec. 

* The minimum detectable uranium in water is 1 pCi/liter. 

4 The AEC standard for natural uranium in water beyond a controlled 
area is 2 X10‘ pCi/liter. 


* See map in figure 1. 
oe aah _— detectable amount of beta-particle emitters in water is 
1 i/liter. 
¢ The AEC standard for the immediate daughter products of uranium in 
water released to the environs is 2 X10* pCi /liter. 





Reported Nuclear Detonations, November 1968 


The U.S. Atomic Energy Commission an- 
nounced five underground nuclear tests con- 
ducted at its Nevada Test Site during November 
1968. 

The tests of November 3, 15, 20 and 22 were 
of low yield (less than 20 kilotons TNT equiva- 
lent). The test of November 4 was in the low- 
intermediate (20 to 200 kilotons TNT equiva- 
lent) yield range. 
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On November 7, 1968, it was announced by 
the Commission that the United States had 
recorded seismic signals originating from the 
Soviet northern testing area in the Novaya 
Zemlya region. The signals were equivalent to 
those of a nuclear test in the lower end of the 
intermediate yield range (200 kilotons to one 
megaton TNT equivalent). 
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A comparison of results between the Public Health raw 
milk and pasteurized milk networks for January 1964 
through June 1966, Sept:475 

Air—see atmospheric contaminants; fallout 

Alabama 
Radium survey in Alabama, Jan :16 
Survey of therapeutic x-ray installations in Alabama, 

Jan:13 

Alaska 
Cesium-137 concentrations in Alaskans during the 

spring of 1967, Dec: 

Radionuclides in Alaskan caribou and reindeer, 
Mar-May 1967, Jan:53 
Aug-Oct 1967, June :320 
Mar-May 1968, Dec:764 

Alpha radioactivity in coal mine drainage, Dec :725 

Alpha radiation exposure levels in underground ura- 
nium and other mines, Dec:719 

A pilot survey of x-radiation emissions from color tele- 
vision receivers in Pinellas County, Florida, Oct:525 

A procedure for evaluating environmental radiation 
dose to children in the vicinity of the Hanford project 
in Washington, April 1965-January 1967, Aug :402 

Argonne National Laboratory 
Jan-June 1967, Mar:184 
July-Dec 1967, Aug :459 

A summary of the Washington, D.C. metropolitan area 
survey of color television receivers, Oct :531 

Atmospheric contaminants 
Tritiated moisture in the atmosphere surrounding c 

nuclear fuel reprocessing plant, July :341 

Plutonium in airborne particulates and precipitation, 
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Offsite environmental surveillance findings associated 
with underground nuclear testing, Project Dribble, 
Feb:73 

Atmospheric levels of radioactivity—see 
atmospheric contaminants; nuclear testing; environ- 
mental levels of radioactivity at Atomic Energy Com- 
mission installations; fallout; reported nuclear deto- 
nations 

Atomic Energy Commission installations—see 
Argonne; Atomics International; Feed Materials 
Production Center; Hanford; Lawrence; Los Alamos; 
Mound; National; Oak Ridge, Paducah: Pinellas; 
Portsmouth; Rocky Flats; Savannah 

Atomics International 
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Bovine thyroids 
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Canadian Milk Network Program 
Sept 1967, Jan:24 Mar 1968, July :351 
Oct 1967, Feb:89 Apr 1968, Aug:419 
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Dec 1967, Apr :207 June 1968, Oct :549 
Jan 1968, May :247 July 1968, Nov :635 
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Cesium-137 concentrations in Alaskans during the 
spring of 1967, Dec:705 
Cesium-137 in milk from the Colorado State Uni- 
versity dairy herd, Aug :412 
Cesium-137 levels in Florida beef-variations with 
feeding program, Aug :391 
Whole body cesium-137 and its relation to body com- 
position and diet, Nov :619 
Color television receivers 
A pilot survey of x-radiation emissions from color 
television receivers in Pinellas County, Florida, 
Oct :525 | 
A summary of the Washington, D.C. metropolitan 
area survey of color television receivers, Oct :531 
Colorado 
Colorado Milk Network 
July-Sept 1967, Jan :27 
Oct-Dec 1967, Apr :210 
Jan-Mar 1968, July :354 


Apr-June 1968, Oct :552 
July 1968, Nov :639 
August 1968, Dec :730 


Gamma-emitting fallout in surface air at Fort Collins, 
Colorado, 1962-1967, Aug :407 
Radioactivity in surface waters of the Colorado River 
basin 
1965-1966, May :268 
1967, Dec:752 
Comparison of environmental radioactivity levels after 


foreign nuclear tests of May 9, 1966, and December 
27, 1966, Feb :63 
Connecticut 
Connecticut Milk Network 
July-Sept 1967, Feb:92 Apr-July 1968, Nov:640 
Oct-Dec 1967, May:250 August 1968, Dec:730 
Jan-Mar 1968, Aug :423 
Estimated daily intake of radionuclides in Connecti- 
cut standard diet 
July-Dec 1967, May :264 
Jan-June 1968, Nov :657 
D 


Dental x ray 
Thermoluminescent radiation dosimetry applied to 
dental x-ray exposures, Aug :397 
Detection of elevated fallout levels in California, Janu- 
ary 1967, Sept :467 
Detonations, nuclear—see foreign nuclear tests; re- 
ported nuclear detonations 
Diet 
Estimated daily intake of radionuclides in diets— 
see also California; Connecticut 
Radionuclides in Institutional diet samples 
Apr-June 1967, Jan:34 
July-Sept 1967, Apr :217 
Oct-Dec and annual summary 1967, July :359 
Jan-Mar 1968, Oct :557 
Strontium-90 in Tri-City diets 
Jan-June 1967, Mar :166 
Apr-Dec 1967, June :302 
Whole body cesium-137 and its relation to body com- 
position and diet, Nov :619 


December 1968 


Drinking water analysis program, 1961-1966, PHS, 
Aug :442 


E 


Environmental! levels of radioactivity at Atomic Energy 
Commission installations—see Argonne, Atomics In- 
ternational; Feed Materials Production Center; Han- 
ford; Lawrence; Mound; National; Oak Ridge; 
Paducah; Pinellas; Portsmouth; Rocky Flats; Savan- 
nah. 

Environmental levels of radioactivity in Mexico, 
January-June 1967, Oct :578 

Environmental surveillance 

Comparison of environmental radioactivity levels 
after foreign nuclear weapons tests of May 9, 1966 
and December 27, 1966, Feb :63 

Offsite environmental surveillance findings associated 
with underground nuclear testing; Project Dribble, 
Feb :73 

Exposures—-see also color television receivers, x-ray 
Alpha radiation exposure levels in underground 

uranium and other mines, Dec:719 

Thermoluminescent radiation dosimetry applied to 

dental x-ray exposures, Aug :397 


F 


Fallout 

Detection of elevated fallout levels in California, 
January 1967, Sept :467 

Fallout in the United States and other areas, HASL 
Jan-June 1967, Mar :180 
July-Dec 1967, Sept:511 

Gamma emitting fallout in surface air at Fort Collins, 
Colorado, 1962-1967, Aug :407 

Feed Materials Production Center 
Jan-June 1967, Mar :190 
July-Dec 1967, Aug :463 

Field measurements of natural background gamma 
radiation using a calibrated portable scintillation 

counter, Nov :679 

Florida 

A pilot survey of x-radiation emissions from color 
television receivers in Pinellas County, Florida, 
Oct :525 

Cesium-137 levels in Florida beef-variations with 
feeding program, Aug :391 

Florida Milk Network 
July-Sept 1967, Jan:28 Apr-June 1968, Oct:553 
Oct-Dec 1967, Apr:211 July 1968, Nov:641 
Jan-Mar 1968, July:355 August 1968, Dec:730 

Radioactivity in Florida waters, 1965-1966 
July :368 

Fluoroscopy 

Personnel monitoring of radiologists during fluoros- 

copy, Nov :627 
Food—see also diet; milk; 

A procedure for evaluating environmental radiation 
dose to children in the vicinity of the Hanford proj- 
ect in Washington, April 1965-January 1967, Aug: 
402 

Levels of iron—55 in humans, animals, and food, 1964- 
1967, Aug :387 

Foreign nuclear weapons tests 

Comparison of environmental radioactivity levels 
after foreign nuclear weapons tests of May 9, 1966 
and December 27, 1966, Feb :63 


773 





French nuclear weapons tests, 
July-October 1966 and June-July 1967, Apr:241 


G 


Gamma-emitting fallout in surface air at Fort Collins, 
Colorado, 1962-1967, Aug :407 

Gross radioactivity, May 1968, and strontium-90, July- 
September 1967 in surface waters of the United 
States, Nov :660 

Gross radioactivity of the solids in selected surface 
waters of the United States, 1961-1965, Jan:1 


H 


Hanford Atomic Products Operation 
Calendar year 1966, Feb:123 
A procedure of evaluating environmental radiation 
dose to children in the vicinity of the Hanford 


Project in Washington, April 1965-January 1967, 
Aug :402 


i 


Indiana 
Indiana Milk Network 
July-Sept 1967, Feb:93 
Oct-Dec 1967, May :251 
Jan-Mar 1968, Aug :424 
Apr-July 1968, Nov :642 
Iodine—131—-see also fallout; milk 
Iodine—131 in bovine thyroids, PHS 
Apr-Sept 1967, F'eb:120 
Oct-Dec 1967, May :280 
Jan-Mar 1968, Aug :456 
Apr-June 1968, Nov :695 
Iowa 
Iowa Milk Network 
July-Sept 1967, Feb:94 
Oct-Dec 1967, May :252 
Jan-Mar 1968, Aug :425 
Apr-July 1968, Nov :643 
Iron—55 
Levels of iron—55 in humans, animals, and food, 1964- 
1967, Aug :387 
Summary of iron—55 contamination in the environ- 
ment and levels in humans, Apr:195 


J, K,L 


Kansas 
Radioactivity in Kansas surface waters, July-Decem- 
ber 1967, Nov :671 
Lawrence Radiation Laboratory 
Jan-June 1967, Apr :233 
July-Dec 1967, Sept :518 
Levels of iron—55 in humans, animals, and food 
1964-1967, Aug :387 
Los Alamos Scientific Laboratory 
Calendar year 1967, Nov:701 


M 


Mexico 
Environmental levels of radioactivity in Mexico, 
January-June 1967, Oct:578 


August 1968, Dec :730 


August 1968, Dec:730 


Mexican Air Monitoring Program 
Sept 1967, Jan:50 Mar 1968, July :376 
Oct 1967, Feb:117 Apr 1968, Aug :454 
Nov 1967, Mar :178 May 1968, Sept :509 
Dec 1967, Apr :230 
Jan 1968, May :277 
Feb 1968, June :317 
Michigan 
Michigan Milk Network 
July-Sept 1967, Feb :96 
Oct-Dec 1967, May :254 
Jan-Mar 1968, Aug :426 
Apr-July 1968, Nov :645 
August 1968, Dec:730 
Milk 
A comparison of results between the Public Health 
Service Raw Milk and Pasteurized Milk Networks 
for January 1964 through June 1966, Sept :475 
Cesium-137 in milk from the Colorado State Uni- 
versity dairy herd, 1962-1967, Aug:412 
National and International milk surveillance—see 
Canada; Pan American Health Organization; 
Pasteurized Milk Network 
Radiostrontium in milk 
January-December 1967, Aug :420 
State Milk Surveillance Activities—see California; 
Colorado; Connecticut; Florida; Indiana; Iowa; 
Michigan; Minnesota; New York; Oklahoma; 
Oregon; Pennsylvania; Tennessee; Texas; V/ash- 
ington 
Minnesota 
Minnesota Milk Network 
July-Sept 1967, Feb:98 
Oct-Dec 1967, May :255 
Jan-Mar 1968, Aug :428 
Radioactivity in Minnesota municipal water supplies 
Jan-June 1967, Jui: :49 
July-Dec 1967, Oct :566 
Mound Laboratory 
Jan-June 1967, Apr:238 
July-Dec 1967, Sept:522 


N 


National and International milk surveillance—see milk 
National Reactor Testing Station 
Jan-June 1967, Mar:192 
July-Dec 1967, Oct :610 
New York 
New York Milk Network 
July-Dec 1967, May :257 Apr-July 1968, Nov :649 
Jan-Mar 1968, Aug :430 Aug 1968, Dec:730 
Radioactivity in New York surface water 
Jan-May 1967, Jan:42 June-Dec 1967, Oct :568 
Nuclear detonations—see also reported nuclear deto- 
nations 
Offsite environmental surveillance findings associated 
with underground nuclear testing, Project Dribble, 
Feb:73 


O 


Oak Ridge Area 
Jan-June 1967, July :379 
July-Dec 1967, Oct :613 


Apr-July 1968, Nov :647 
August 1968, Dec :730 
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Occupational exposure 
Aipha radioactivity in coal mine drainage in western 
Pennsylvania, Dec :725 
Alpha radiation exposure levels in underground 
uranium and other mines, Dec:719 
Personnel monitoring of radiologists during fluoro- 
scopy, Nov :627 
Radium survey in Alabama, Jan:16 
Suggested biological monitoring for radon daughter 
exposure, Feb :81 
Survey of therapeutic x-ray installations in Alabama, 
Jan:13 
Thermoluminescent radiation dosimetry applied to 
dental x-ray exposures, Aug :397 
Tritiated moisture in the atmosphere surrounding a 
nuclear fuel reprocessing plant, July :341 
Offsite environmental surveillance findings associated 
with underground nuclear testing; Project Dribble, 
Feb:73 
Oklahoma 
Oklahoma Milk Network 
July-Sept 1967, Jan:29 
Oct-Dec 1967, Apr :212 
Oregon 
Oregon Milk Network 
July-Sept 1967, Mar:162 Apr-July 1968, Nov:651 
Oct-Dec 1967, June:298 August 1968, Dec:730 
Jan-Mar 1968, Sept :497 


P 


Paducah Plant 
Jan-June 1967, Jan:56 
July-Dec and calendar year 1967, May :282 
Jan-June 1968, Dec:769 
Pan American Health Organization 
Pan American Air Sampling Program 
Sept 1967, Jan:51 Mar 1968, July :377 
Oct 1967, Feb:118 Apr 1968, Aug :455 
Nov 1967, Mar:179 May 1968, Sept :510 
Dec 1967, Apr :232 June 1968, Oct :576 
Jan 1968, May :278 July 1968, Nov :678 
Feb 1968, June :318 Aug 1968, Dec:761 
Pan American Milk Sampling Program 
Sept 1967, Jan :25 Mar 1968, July :352 
Oct 1967, Feb:90 Apr 1968, Aug :420 
Nov 1967, Mar :158 May 1968, Sept:494 
Dec 1967, Apr :208 June 1968, Oct :550 
Jan 1968, May :248 July 1968, Nov :636 
Feb 1968, June :294 Aug 1968, Dec:730 
Particulates—see atmospheric contaminants; fallout; 
Radiation Alert Network, Radiation Surveillance 
Network, radioactivity in airborne particulates and 
precipitation 
Pasteurized Milk Network 
Sept 1967, Jan :20 
Oct 1967, Feb:86 
Nov 1967, Mar :154 
Dec 1967, Apr :204 


Mar 1968, July :352 
Apr 1968, Aug :416 
May 1968, Sept:490 
June 1968, Oct :546 
Jan 1968, May :244 July 1968, Nov :632 
Feb 1968, June :290 Aug 1968, Dec:730 
A comparison of results between the Public Heaith 
Service raw milk and pasteurized milk networks 
for January 1964 through June 1966, Sept :475 


December 1968 


Pennsylvania 
Pennsylvania Milk Network 
July-Sept 1967, Feb:100 Apr-July 1968, Nov :652 
Oct-Dec 1967, May :259 August 1968, Dec :730 
Jan-Mar 1968, Aug :432 
Personnel monitoring of radiologists during fluoroscopy, 
Nov :627 
Pinellas Peninsula Plant 
Jan-June 1967, Feb :135 
Plutonium—see also atmospheric contaminants 
Plutonium in airborne particulates and precipitation, 
July-December 1967, Dec:761 
Polonium-210 in tobacco, Mar :145 
Portsmouth Area Gaseous Diffusion Plant 
Jan-June 1967, Jan:59 
July-Dec 1967, July :384 
Precipitation—see atmospheric contaminants; fallout; 
Radiation Alert Network, Radiation Surveillance 
Network; strontium-90 
Project Dribble 
Offsite environmental surveillance findings associated 
with underground nuclear testing; Project Dribble, 
Feb:73 


R 


Radiation Alert Network—see also Radiation Surveil- 
lance Network 
Nov 1967, Mar :173 
Dec 1967, Apr :226 
Jan 1968, May :273 
Feb 1968, June :313 
Mar 1968, July :372 
Radiation Surveillance Network 
Sept 1967, Jan:46 
Oct 1967, Feb:113 
Radioactivity in airborne particulates and precipitation 
—see also Canada; fallout; Mexico; National Air 
Sampling; Pan American Health Organization; Ra- 
diation Alert Network; Radiation Surveillance Net- 
work 
Radiology 
Personnel monitoring of radiologists during fliuoro- 
scopy, Nov:627 
Radionuclides in Institutional diet somples, see Diet 
Radium 
Radium survey in Alabama, Jan:16 
Radon 
Suggested biological monitoring for radon daughter 
exposure, Feb :81 
Raw milk—see also milk 
A comparison of results between the Public Health 
Service Raw Milk and Pasteurized Milk Networks 
for January 1964 through June 1966, Sept:475 
Reindeer—see caribou 
Reported nuclear detonations 
Dec 1967, Jan :62 
Jan 1968, Feb:142 
Feb 1968, Mar:194 
Mar 1968, Apr:240 
Apr 1968, May :287 
May 1968, June :335 
Rocky Flats 
Jan-June 1967, Jan :60 
July-Dec 1967, May :285 
Jan-June 1968, Nov :70 


Apr 1968,Aug :450 
May 1968, Sept :505 
June 1968, Oct:571 
July 1968, Nov :674 
Aug 1968, Dec:757 


June 1968, July :385 
July 1968, Aug :465 
Aug 1968, Sept :524 
Sept 1968, Oct:617 
Oct 1968, Nov :704 
Nov 1968, Dec:771 





S 


Savannah River Plant 
Jan-June 1967, Feb :136 
July-Dec 1967, June :329 
Shellfish 
Radionuclides in Washington shellfish, July 1964 
through December 1967, Nov :697 


State milk surveillance networks—see California; 
Colorado; Connecticut; Florida; Indiana: Iowa; 
Michigan; Minnesota; New York; Oklahoma; Ore- 
gon; Pennsylvania; Tennessee; Texas; Washington 

Strontium-90—see also Alaska, atmospheric contami- 
nants; bone; diet; food; environmental levels at 
AEC installations; milk; water 
Strontium-90 in human bone 

Apr-June 1967, Sept :514 
July-Sept 1967, Oct :602 
Strontium-90 in human vertebrae, 1967, Oct:605 

Suggested biological monitoring for radon daughter ex- 
posure, F'eb:81 

Summary of gonadal and genetically significant dose 
from x-rays in the United States, 1964, Oct :539 

Summary of iron—55 contamination in the environment 
and levels in humans, Apr:195 

Surface air—see also atmospheric contaminants; fall- 
out; Radiation Alert Network 
Gamma-emitting fallout in surface air at Fort Col- 

lins, Colorado, 1962-1967, Aug :407 

Surface water—see also Atomic Energy Commission 
installations; Cailfornia; Colorado; Florida; Kansas; 
Minnesota; New York; tritium; Washington; water 
Gross radioactivity of the solids in selected surface 
waters of the United States, 1961-1965, Jan:1 
Tritium in surface waters of the United States, 1966, 

July :337 

Survey of therapeutic x-ray installations in Alabama, 

Jan:18 


T 


Television—see color television receivers 
Tennessee 
Tennessee Milk Network 
July-Sept 1967, Jan :30 
Oct-Dec 1967, Apr:213 
Jan-Mar 1968, July :356 
Texas 
Texas Milk Network 
July-Sept 1967, Jan:31 
Oct-Dec 1967, Apr:215 July 1968, Nov :654 
Jan-Mar 1968, July:357 August 1968, Dec:730 
Thermoluminescent radiation dosimetry applied to den- 
tal x-ray exposures, Aug :397 
Thyroid—see bovine thyroid 
Tri-City diet study—see diet 
Tritiated moisture in the atmosphere surrounding a 
nuclear fuel reprocessing plant, July:341 
Tritium 
Tritium in surface waters of the United States, 1966, 
July :337 
Tritium in surface water network, 1967, Oct:564 
Jan-June 1968, Nov :665 


Apr-June 1968, Oct :554 
July 1968, Nov :653 
August 1968, Dec:730 


Apr-June 1968, Oct:555 


776 


U,V 


Underground testing—see also reported nuclear deto- 
nations 
Offsite environmental surveillance findings associated 
with underground nuclear testing; Project Dribble, 
Feb:73 
Uranium 
Alpha radiation exposure levels in underground 
uranium and other mines, Dec:719 
Suggested biological monitoring for radon daughter 
exposure, Feb :81 


W 


Washington 
A procedure for evaluating environmental radiation 
dose to children in the vicinity of the Hanford 
Project in Washington, April 1965-January 1967, 
Aug :402 
Radioactivity in Washington surface water, July 
1966-June 1967, Aug :438 
Radionuclides in Washington shellfish, July 1964 
through December 1967, Nov:697 
Washington Milk Network 
July-Sept 1967, Mar:164 Apr-July 1968, Nov:655 
Oct-Dec 1967, June :299 August 1968, Dec:730 
Jan-Mar 1968, Sept:498 
A summary of the Washington, D.C. metropolitan area 
survey of color television receivers, Oct :531 
Water—see also Atomic Energy Commission installa- 
tions; California; Colorado; Florida; Kansas; Minne- 
sota; New York; tritium; Washington 
Drinking water analysis program, 
Aug :442 
Gross radioactivity of the solids in selected surface 
waters of the United States, 1961-1965, Jan:1 
Gross radioactivity in surface waters of the United 
States 
July 1967, Jan :38 
August 1967, Feb :106 
Sept 1967, Mar:169 
Oct 1967, Apr:222 
Nov 1967, May :266 May 1968, Nov :660 
Dec 1967, June :306 June 1968, Dec:750 
Gross radioactivity, May 1968, and strontium—90, 
July 1966-September 1967, in surface waters of the 
United States, Nov:660 
Radiostrontium in tap water 
Jan-June 1967, Apr :224 
July-Dec 1967, June :311 
Whole body cesium-137 and its relation to body com- 
position and diet, Nov :619 


X, Y, Z 


X ray 

A pilot survey of x-radiation emissions from color 
television receivers in Pinellas County, Florida 
Oct :525 

Summary of gonadal and genetically significant dose 
from x rays in the United States, 1964, Oct:539 

Survey of therapeutic x-ray installations in Alabama, 
Jan:12 

Thermoluminescent radiation dosimetry applied to 
dent x-ray exposures, Aug :397 


1961-1966, 


Jan 1968, July :366 
Feb 1968, Aug :436 
Mar 1968, Sept:502 
Apr 1968, Oct :562 
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SYNOPSES 


Synopses of reports, incorporating a list of key words, are furnished 
below in reference card format for the convenience of readers who may 
wish to clip them for their files. 


CESIUM-137 CONCENTRATIONS IN ALASKANS DURING THE 
SPRING OF 1967. H. J. L. Rechen, R. L. Mikkelsen, O. G. Briscoe, and 
J. F. Steiner, Jr. Radiological Health Data and Reports, Vol. 9, December 
1968, pp. 705-717. 


During April and May 1967, ecsium—137 concentrations were meas- 
ured by the National Center for Radiological Health, Public Health 
Service, in 1,334 residents of 13 Alaskan villages and cities where caribou 
and reindeer are major sources of meat. Unshielded 7.5 x 7.5 cm Nal 
(Tl) scintillation detectors, held in the lap, were used for subjects of 
both sexes, from 4 to 91 years old, weighing 16 to 100 kilograms. The 
maximum cesium-137 concentrations ranged from 16.58 to 20.76 nCi/kg 
for males and from 12.92 to 18.21 nCi/kg for females. 


Cesium-137 concentrations were highest in Ambler, Selawik, Noorvik, 
Shungnak, and Anaktuvuk Pass, intermediate in Shishmaref, Noatak, 
Mekoryuk, Egegik and Teller, and lowest in three coastal cities where 
whaling is done (Wainwright, Point Hope and Barrow). 


The Bureau of Indian Affairs school lunch program, where practiced, 
did not appear to reduce significantly the cesium-—137 concentrations in 
children. Average concentrations in men who were measured both years 
at Anaktuvuk Pass dropped 37.5 percent from 1966 to 1967; Selawik 
males showed a 15.7 percent decrease, while cesium-137 concentrations 
in adult male residents of Egegik increased 2 percent. 


The “radiation dose index,” defined in the report for the highest 


individual value measured in 1967 was 0.17 rad/year, in an 82 kg man 
whose cesium-137 concentration was 21 nCi/kg. The guidance published 
by the Federal Radiation Council suggests that no protective action 
except for continued surveillance appears to be necessary at this time. 


— Alaska, caribou, cesium-—137, radiation dose index, rein- 
eer. 
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GUIDE FOR AUTHORS 


The editorial staff invites reports and technica] notes 
containing information related to radiological health. 
Proposed reports and notes should contain data and 
interpretations. All accepted manuscripts are subject 
to copy editing with approval of the author. The author 
is responsible for all statements made in his work. 


Manuscripts are received with the understanding that 
other identical manuscripts are not under simultaneous 
consideration nor have appeared in any other publica- 
tion. 


_ The mission of Radiological Health Data and Reports 
is stated on the title page. It is suggested that authors 
read it for orientation of subject matter. 


Submission of manuscripts 


Send original and one legible copy of the per, 
typed double-spaced on 8% by 11-inch white bond with 
l-inch margins. 


Submitted manuscripts should be sent to Managing 
Editor, Radiological Health Data and Reports, National 
vanes for Radiological Health, PHS, Rockville, Md. 


Preparation of manuscripts 


The Government Printing Office style manual is used 
as a general guide in the preparation of all copy for 
Radiological Health Data and Reports. In addition, 


Radiological Health Data and Reports has developed a 
“Guide” regarding manuscript preparation which is 
available upon request. However, for most instances, 
past issues of Radiological Health Data and Reports 
would serve as a suitable guide in preparing manuscripts. 


Titles, authors: Titles should be concise and informa- 


tive enough to facilitate indexing. Names of authors 
should ap ar on the third line below the manuscript 
title, Affiliation of each author should be given by a 
brief footnote including titles, professional connections 
at the time of writing, present affiliation if different, 
and present address, 


Abstracts: Manuscripts should include a 100- to 150- 
word abstract which is a factual (not descriptive) sum- 
mary of the work. It should clearly and concisely 
state the purpose of the investigation, methods, results, 
and conclusions. Findings that can be stated clearly 
and simply should be given rather than to state that 
results were obtained. 


A list of sug sted keywords (descriptors) which are 
appropriate indexing terms should be given following 
the abstract. 


Introductory paragraph: The purpose of the investi- 


gation should be stated as early as possible in the 
introductory paragraph. 








Methods: For analytical, statistical, and theoreticai 
methods that have appeared in published literature, a 
general description with references to sources is sulfi- 
cient. New methods should be described clearly and 
concisely with emphasis on new features. Both old and 
new methods, materials, and equipment, should be 
described clearly enough so that limitations of measure- 
ments and calculations will be clear to the readers. 
Errors associated with analytical measurements and 
related calculations should be given either as general 
estimates in the text or for specific data in appropriate 
tables or graphs, whenever possible. 


Illustrations: Glossy photographic prints or original 


illustrations suitable for reproduction which help en- 
hance the understanding of the text should be included 
with the manuscript. Graphic materials shouid be of 
sufficient size so that lettering will be legible after 
reduction to printed page size (8% by 6% inches). 


All illustrations should be numbered and each legend 
should be typed double-spaced on a separate sheet of 
paper. Legends should be brief and understandable 
without reference to text. The following information 
should be typed on a gummed label of adhesive strip 
and affixed to the back of each illustration: figure 
number, legend, and title of manuscript or name of 
senior author. 


Tables: Tables should be self-explanatory and should 


supplement, not duplicate, the text. Each table should 
be typed on a separate sheet, double-spaced. All tables 
must be numbered consecutively, beginning with 1, and 
each must have a title. 


Equations: All equations must be typewritten, prefer- 


ably containing symbols which are defined immediately 
below the equation. The definition of symbols should 
include the units of each term. Special symbols, such 
as Greek letters, may be printed carefully in the proper 
size, and exponents and subscripts should be clearly 
positioned. athematical notations should be simple, 
avoiding when feasible such complexities as fractions 
with fractions, subscripts with subscripts, etc. 


Symbols and units: The use of internationally ac- 


cepted units of measurements are preferred. A brief 
list of symbols and units commonly used in Radiological 
Health Data and Reports is given on the inside front 
cover of every issue and examples of most other matters 
of preferred usage may be found by examining recent 
issues. Isotope mass numbers are placed at the upper 
left of elements in long series or formulas, e.g., **'Cs; 
however, elements are spelled out in text and tables, 
with isotopes of the elements having a hyphen between 
element name and mass number; e.g., strontium—90. 





References: References should be typed on a sepa- 
rate sheet of paper. 


Personal communications and unpublished data 
should not be included in the list of references. The 
following minimum data for each reference should be 
typed double-spaced: names of all authors in caps, 
complete title of article cited, name of journal abbrevi- 
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